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FOREWORD 


This  report  was  prepared  hy  direction  of  Chief,  Model  Support 
Division,  Combat  Operations  Analysis  (COA),  Combined  Arms  Combat 
Developments  Activity  (CACDA) , Fort  Leavenworth,  Kansas  under  the 
Hal If Ire  COEA  ACN.  The  report  was  prepared  for  Model  Support  Division, 
COA,  CACDA.  Mr.  Ross  A.  Wells,  Mr.  Herbert  0.  Westmoreland,  and 
Mr.  James  F.  Fox  assisted  In  the  preparation  and  documentation  of 
the  computer  programs  Included  In  this  report.  This  report  was 
completed  on  3 June  1976. 


ABSTRACT 


The  OYNTACS(X)  model  Is  difficult  to  use  properly.  Its  size 
(1.25  to  1.5  megabytes)  and  complexity  (over  300  subroutines)  are  the 
main  contributors  to  this  situation.  A thorough  knowledge  of  the  entire 
program  and  data  base,  and  the  Interaction  of  these  two  components.  Is 
required  for  a professional  application  of  DYNTACS(X).  One  of  the  most 
demanding  aspects  of  the  operation  of  DYNTACS(X)  is  the  preparation  of 
the  data  base.  An  improperly  prepared  data  base  will  Impair  the 
credibility  of  any  results  produced  by  the  DYNTACS(X)  model.  Although 
the  documentation  prepared  by  Ohio  State  University  is  generally 
sufficient  for  the  purpose  of  determining  data  requirements.  It  does  not 
always  provide  a method  for  producing  the  required  data.  This  report 
Includes  several  computer  programs  and  data  preprocessor  programs,  which 
are  valuable  In  producing  required  data. 

The  DYNTACS(X)  data  base  contains  a large  amount  of  subjective  Inputs. 
In  some  cases  the  subjective  Inputs  are  required  because  an  empirical 
data  base  Is  not  available  (e.g. , suppression).  In  other  cases  the 
subjective  Inputs  are  required  to  play  tactical  decision  rules  and 
tactics.  Experience  can  be  a valuable  aid  In  the  preparation  of  subjective 
Input  data.  This  report  Is  an  attempt  to  codify  the  experience  gained 
during  the  preparation  of  the  HELLFIRE  COEA  data  base. 
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1.  INTRODUCTION. 


a.  The  DYNTACS(X)  model  is  difficult  to  use  properly.  Its 
size  (1.25  to  1.5  megabytes)  and  complexity  (over  300  subroutines) 
are  the  main  contributors  to  this  situation.  A thorough  knowledge  of 
the  entire  program  and  data  base,  and  interaction  of  these  two 
components,  is  required  for  a professional  application  of  DYNTACS(X). 

One  of  the  most  demanding  aspects  of  the  operation  of  DYNTACS(X)  Is 
the  preparation  of  the  data  base.  The  persons  collecting  the  data  serve 
as  intermediaries  between  the  model  and  the  military  and  scientific 
communities.  They  must  understand  the  programming  in  sufficient  detail 
to  explain  the  applications  and  implications  of  each  data  element.  They 
must  be  able  to  translate  model  assumptions  and  internal  workings  into 
military  terms  so  that  tactical  input  can  be  quantified  by  military  personnel 
who  are  not  familiar  with  the  model.  They  must  be  able  to  define  the 
requirements  for  technical  data  needed  to  represent  all  the  weapons  sytems 
depicted  and  insure  that  the  method  of  data  production  does  not  contain 
any  assumptions  or  procedures  that  are  incompatible  with  the  DYNTACS(X) 
use  of  the  data.  Because  of  these  requirements,  highly  qualified  personnel 
should  be  assigned  to  prepare  the  data  base. 


; 


b.  Different  agencies  that  have  used  DYNTACS(X)  have  produced  programs 
to  make  the  preparation  of  portions  of  the  DYNTACS(X)  data  base  easier 
or  more  accurate.  (The  original  authors  of  most  of  these  programs  are 
unknown,  so  no  effort  has  been  made  to  credit  programs  to  individuals.) 

Those  analysts  who  have  prepared  a data  base  have  developed  experience 
and  insight  Into  this  preparation  process.  To  the  present  time  these 
programs  and  insights  have  not  been  collected  or  codified  in  any  systematic 
manner.  This  document  is  an  attempt  to  formalize  the  experience  gained 
through  the  preparation  of  the  data  base  for  the  HELLFIRE  and  Cannon  Launched 
Guided  Projectile  (CLGP)  COEAs.  Because  of  Its  orientation  this  document 
does  not  replace  the  DYNTACS(X)  documentation  written  by  Ohio  State  Univer- 
sity; rather,  it  serves  as  a supplement  to  the  documentation  by  explaining 
how  some  of  the  data  elements  can  be  generated.  (Some  modifications  made 
to  the  model  during  the  HELLFIRE/CLGP  COEAs  qo  modify  the  documentation 
slightly.  The  changes  are  included  in  this  document.) 


c.  As  an  auxiliary  effect,  this  documentation  can  serve  to  acquaint 
users  with  the  DYNTACS(X)  model.  The  body  of  this  document  contains  a 
brief  description  of  the  model  to  familiarize  the  reader  with  the  overall 
model  structure  before  the  detailed  model  prqcess  documentation  is  presented. 

In  the  Initial  reading  of  this  document,  references  to  the  appendixes  can  < 

be  Ignored.  ! ^ 


2.  PURPOSE.  The  purpose  of  this  document  is  to: 

a.  Provide  insights  and  assistance  for  analysts  detailed  to  prepare  a 
data  base  for  DYNTACS(X). 


b.  Preserve  the  DYNTACS(X)  preprocessing  programs  for  future  use. 


c.  Provide  a vehicle  for  familiarizing  analysts  with  the  basic 
structure  of  the  DYNTACS(X)  model. 

3.  OVERVIEW  OF  DYNTACS(X). 

a.  DYNTACS(X)  is  a two-sided,  small  unit  computer  simulation  of  land 

combat.  It  employs  dynamic  route  selection  for  attacking  elements  and 
makes  extensive  use  of  random  processes  to  determine  the  outcome  of  a 
particular  event.  DYNTACS(X)  uses  individual  vehicles,  crew-served 
weapons,  and  helicopters  as  basic  elements.  The  model  can  be  used  to 
represent  a variety  of  weapons:  tanks;  antitank  guided  missiles;  air 

defense  missiles  and  guns;  indirect  fire  including  artillery  of  various 
calibers,  mortars,  multiple  rocket  launchers,  and  guided  artillery  pro- 
jectiles; minefields,  hand  emplaced  or  delivered  by  artillery  or  air; 
helicopters  operating  in  the  autonomous  or  remoted  modes;  and  ground 
indirect  HELLFIRE. 

b.  DYNTACS(X)  represents  each  weapon's  firepower,  mobility,  vulnera- 
bility to  fire,  and  detection  capability  and  the  interaction  of  these 
characteristics  with  the  terrain.  The  terrain  is  described  in  terms  of 
ground  configuration;  surface  roughness;  soil  type;  and  location,  height, 
and  density  of  vegetation.  This  detailed  description  of  each  weapon  and 
the  terrain  allows  the  portrayal  of  the  interaction  between  .the  weapon 
system's  characteristics  and  the  terrain.  Moreover,  the  effect  of  changes 
in  tactics,  organization,  firing  doctrine,  and  vehicle  characteristics 

on  this  interaction  can  be  examined.  Although  there  is  no  arbitrary 
limit  on  the  number  of  vehicles  used  or  the  number  of  different  types 
of  vehicles  played,  core  storage  and  running  time  constraints  make  simula- 
tion of  battles  above  battalion  size  impractical.  COP  and  FEBA  forces 
(defending  or  del.aying)  can  be  represented. 

c.  DYNTACS(X)  can  be  divided  into  three  major  areas:  ground  game, 
indirect  fire,  and  aerial  vehicles. 

4.  GROUND  GAME.  The  ground  game  can  be  further  divided  into  terrain, 
organization,  formations,  intelligence,  communication,  routes,  target 
selection,  firing,  and  minefields. 

a.  Terrain. 

(1)  The  DYNTACS(X)  terrain  is  composed  of  two  main  features: 
the  ground  configuration  (macroterrain)  and  the  description  of  the  charac- 
teristics of  the  ground  (microterrain).  The  macroterrain  is  derived  from 
elevation  data  provided  by  Defense  Mapping  Agency  (DMA)  or  Waterways 
Experimentation  Station  (WES).  An  imaginary  grid  Is  superimposed  over 
the  DYNTACS(X)  battlefield.  The  size  of  the  battlefield  and  the  spacing 
of  the  grid  can  be  varied.  A 5km  x 10km  battlefield  and  a 100-meter 
grid  spacing  are  typical.  The  elevation  at  each  of  the  grid  intersections 
is  stored  as  data.  The  computer  can  then  interpolate  between  grid  points 
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to  determine  the  height  at  any  point  on  the  battlefield. 


(2)  A description  more  complete  than  that  provided  by  the 
macroterrain  is  required  for  DYNTACS(X).  Therefore,  a series  of 
descriptive  overlays  Is  added  to  the  macroterrain.  These  overlays 
are  formed  by  placing  circles  and  parallelograms  on  the  terrain.  The 
placement  of  these  geometric  figures  is  controlled  by  a detailed  analysis 
of  the  terrain  performed  by  WES  but  is  independent  of  the  elevation  grid. 
The  WES  analysis  identifies  the  location  of  different  soil  types,  vegeta- 
tion, and  other  land  characteristics.  When  prepared  (see  appendix  A)  the 
series  of  overlays  will  describe  the  following  characteristics  of  the  land: 
soil  type,  which  will  Interact  with  the  macroterrain  (slope)  and  mobility 
characteristics  of  the  different  vehicles  to  affect  the  speed  of  each 
vehicle;  vegetation  (Includes  density,  height,  and  widths  of  individual 
pieces  of  vegetation),  which  will  interact  with  the  macroterrain  and 
vehicle  heights  to  affect  line  of  sight,  the  percent  of  a vehicle  exposed 
for  detection,  and  the  capability  of  vehicles  to  move  undetected;  surface 
roughness,  which  will  Interact  with  vehicle  mobility  characteristics  to 
Impose  a maximum  speed  that  can  be  attained  by  any  vehicle;  cover  (see 
appendix  B),  which  will  interact  with  vehicle  height  to  determine  the 
amount  of  a vehicle  exposed  to  the  effects  of  eneny  fire  and  the  proba- 
bility of  achieving  hull  defilade  when  moving  into  a firing  position. 

(3)  The  detailed  description  of  the  terrain  and  its  extensive 
interaction  with  the  characteristics  of  the  individual  combat  elements 
provide  the  basis  for  the  Interactive  nature  of  DYNTACS(X). 

b.  Organization. 

(1)  Organization  (see  appendix  C)  in  DYNTACS(X)  has  its  major 
impact  on  the  movement  of  the  respective  forces.  Hence,  organization  is 
relatively  unimportant  for  a static  defensive  force,  but  of  great 
Importance  to  a mobile  attacking  force.  Therefore,  a static  defensive 
force  can  be  simply  organized  into  the  COP  force  and  the  FEBA  force. 

After  withdrawal,  the  COP  force  can  be  integrated  into  the  FEBA  force. 

(2)  A tactically  realistic  portrayal  can  be  achieved  if  the 
threat  force  is  organized  on  a platoon  basis.  When  organized  in  this  way 
the  platoons  will  act  .as  units.  The  platoon  leader  determines  the  route 
to  be  taken,  the  formation  to  be  used,  and  the  speed  of  travel.  Platoon 
members  merely  guide  on  the  platoon  leader.  If  a platoon  member  detonates 

a mine,  the  platoon  as  a group  takes  action  to  counter  the  minefield  threat. 
If  the  attackers  are  organized  on  a company  basis,  the  company  commander 
would  make  the  same  decisions  for  the  company  as  a whole. 

(3)  The  defending  force  does  not  use  the  dynamic  route  selection 

routines  in  DYNTACS(X).  The  rationale  upon  which  this  procedure  is  based 
is  as  follows:  The  defending  force  will  withdraw  over  terrain  that  it  has 
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"owned"  and  had  time  to  explore.  Therefore,  when  the  defending  force 
withdraws,  as  from  the  COP,  it  will  move  over  preselected  routes.  Since 
the  routes  will  have  been  selected  for  their  characteristics  (cover, 
concealment,  speed  of  withdrawal),  the  withdrawing  force  does  not  vary  from 
the  routes  provided  as  input. 

c.  Formations  and  Deployment. 

(1)  Essentially,  the  deployment  of  the  defending  force  is  specified 
by  the  input  data.  Each  defending  weapon  is  placed  on  a specific  spot  on 
the  ground  (see  appendix  D).  In  addition  to  the  location  of  each  defending 
weapon,  it's  cover  (how  deep  it  is  dug  in)  and  concealment  (how  close  it  is 
to  the  nearest  clump  of  vegetation)  characteristics  are  specified.  The 
cover  value  does  not  change  unless  the  defending  weapon  moves. 

(2)  The  deployment  of  the  attacking  platoons  is  more  complicated 
since  it  is  controlled  by  the  actual  combat  situation.  As  the  attacking 
force  starts  to  detect  enemy  weapons  it  will  modify  its  maneuver  unit 
formations  as  a result  of  these  detections  (see  appendix  E).  The  maneuver 
units  are  presently  allowed  by  input  data  to  select  a column,  line,  echelon 
right,  or  echelon  left  formation.  Each  of  these  formations  has  a desired 
speed  associated  with  it.  Thus,  units  moving  in  column  will  attempt  to 
maintain  a relatively  high  speed  reflecting  the  ease  of  control  and  rapid 
movement  afforded  by  this  formation.  When  other  formations  are  adopted, 
the  desired  speed  is  reduced  in  order  to  reflect  the  increased  difficulty 
in  controlling  these  formations  and  allow  a more  rapid  deceleration  to 
firing  speed. 

d.  Intelligence.  DYNTACS(X)  keeps  track  of  the  intelligence  available 
to  each  individual  combat  element  on  an  element  by  element  basis.  The 
intelligence  will  generally  consist  of  three  different  levels:  no  know- 
ledge, general  knowledge  (subject  element  was  previously  detected  or  the 
subject  of  an  intelligence  message),  or  full  detection  (sufficien  knowledge 
to  engage).  At  the  beginning  of  each  event  the  subject  element  will  have 
its  intelligence  updated.  If  the  current  element  has  lost  line  of  sight 
with  a detected  element,  its  intelligence  about  that  element  will  be 
reduced  to  general  knowledge.  If  it  has  established  or  maintained  line 

of  sight  with  any  element.  It  will  be  given  an  opportunity  to  make  a 
detection.  The  probability  of  detecting  any  element  Is  computed  dynamically 
based  on  the  range  between  the  two  elements,  the  optics  used  by  the  observer, 
the  amount  of  the  observed  vehicle  that  is  exposed,  and  the  length  of 
time  available  to  the  observer.  Having  general  knowledge  of  an  element 
significantly  increases  the  probability  of  detecting  that  element.  Once 
an  element  makes  a detection,  it  keeps  that  level  of  knowledge  until  line 
of  sight  is  broken  or  the  detecting  element  is  suppressed.  In  either  case 
the  level  of  knowledge  is  lowered  to  general  knowledge. 
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e.  Communications. 

(1)  Radio  nets  are  played  explicitly  in  DYNTACS(X).  Each  combat 
element  is  placed  on  one  or  more  radio  nets  representing  platoon,  company, 
and  battalion  nets.  Elements  use  the  radio  nets  to  transmit  intelligence 
messages  and  tactical  information  to  other  elements  on  the  net.  Information 
received  by  a leader  on  a lower  net  is  automatically  relayed  on  the  higher 
level  net  and  vice  versa.  When  an  element  uses  a net,  it  prohibits  the  use 
of  that  net  by  another  element.  If  an  element  has  a message  to  send  and 
finds  the  net  busy,  it  must  wait  until  the  net  is  clear  before  transmitting 
its  message.  If  more  than  one  element  is  waiting  to  use  the  net,  the 

next  user  Is  randomly  selected  from  those  waiting  to  use  the  net. 

(2)  The  US  nets  are  organized  according  to  standard  procedure: 
tank  platoon  on  one  net,  each  infantry  platoon  on  one  net,  and  each  platoon 
leader  on  the  company  net.  The  threat  radio  net  must  be  organized  according 
to  threat  doctrine.  (See  appendix  C). 

f.  Routes. 

(1)  Each  platoon  in  the  attacking  force  is  given  a general  route 
of  advance.  Each  platoon  guides  on  this  route  as  it  advances.  However, 
the  platoon  may  deviate  from  its  route  to  take  maximum  advantage  of  the 
terrain  and  vegetation,  avoid  exposing  itself  to  detected  enemy  weapons, 
and  avoid  traversing  known  minefields.  This  dynamic  generation  of  routes 
is  one  of  the  outstanding  features  of  the  DYNTACS(X)  model.  The  optimal 
route  is  recomputed  whenever  there  has  been  a sufficient  change  in  the 
intelligence  available  to  the  platoon  leader  (see  appendix  F). 

(2)  The  importance  of  cover  or  concealment  versus  fields  of  fire 
will  vary  during  the  battle.  Initially,  each  maneuver  unit  will  attempt 
to  make  maximum  use  of  the  concealment  or  cover  provided  by  vegetation  and 
land  form.  It  will  also  seek  to  avoid  exposing  itself  to  detected  enemy 
weapons.  However,  as  the  attacking  force  approaches  within  assault  range 
of  the  FEBA  the  routes  are  then  selected  to  maximize  fields  of  fire. 

g.  Target  Selection. 

(1)  During  each  event  for  an  element  the  model  checks  to  see  if 
the  element  being  considered  has  detected  any  targets.  If  it  has  detected 
any  enemy  elements,  the  model  determines  if  those  enemy  elements  are  within 
range.  If  there  are  enemy  elements  within  range,  the  model  evaluates  each 
detected  element  within  range  based  on  seven  characteristics:  the  range 

to  the  target,  whether  the  potential  target  was  just  fired  on  by  the  selec- 
ting weapon,  is  engaged  by  another  friendly  element,  is  within  the  selecting 
weapon's  sector  of  fire,  is  firing,  is  firing  at  the  selecting  weapon,  and 
the  type  of  weapon  the  potential  target  is.  Here  the  model  assumes  that  an 
element  can  differentiate  among  tanks,  APCs,  and  crew-served  weapons.  How- 
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ever,  it  is  not  given  the  capability  to  differentiate  between  non-radar 
directed  AD  weapons  and  infantry  carriers.  AD  weapons  with  radar  discs 
are  assumed  to  be  uniquely  identifiable.  (See  appendix  G.)  The  potential 
target  with  the  highest  priority  based  on  these  seven  characteristics  is 
selected  as  the  target.  A round  is  then  selected  for  the  firing  event 
hased  on  availability  and  a set  of  ammunition  priorities.  These  priorities 
vary  with  actual  range  and  target  type. 


(2)  Because  of  their  unique  role  the  air  defense  weapons  use  a 
different  set  of  values  to  establish  target  priority.  These  priorities 
allow  an  air  defense  gun  to  engage  ground  targets  when  aircraft  are  not 
available. 


h.  Firing. 


(1)  If  the  engaging  element  is  moving,  the  model  checks  to  see  if 
the  speed  is  above  the  allowed  speed  for  firing  on  the  move  for  that  vehicle. 
If  the  vehicle  is  traveling  too  fast,  the  model  requires  it  to  slow  down  to 
the  allowed  speed.  The  attacking  tanks  will  fire  two  rounds  at  a selected 
target.  The  first  round  will  be  fired  as  soon  as  the  element  reaches  Its 
fi re-on- the-move  speed,  the  second  will  be  fired  at  a short  halt.  After 
firing  two  rounds,  the  engaging  element  will  then  cycle  through  the  target 
selection  procedure  while  it  resumes  it's  advance.  Because  of  their 
relatively  slow  rate  of  fire,  SAGGER  carrying  weapons  will  fire  only  one 
round  before  reevaluation.  The  defensive  force  will  also  fire  oneround 
between  prioritization. 


(2)  While  controlling  the  speed  of  moving  elements,  the  model 
randomly  selects  a load  and  lay  time  from  an  input  distribution.  It  uses 
the  maximum  of  these  numbers  to  determine  when  firing  can  take  place. 


(3)  After  firing,  the  model  computes  the  probability  of  achieving 
a hit.  In  this  calculation  the  following  major  factors  are  considered: 
whether  the  firer  and/or  target  is  moving,  the  aim  error  for  the  firing 
weapon,  the  round- to- round  dispersion  for  that  round  fired  by  the  firing 
weapon,  and  the  degree  of  cover  available  to  the  target  element. 


(4)  A firing  initially  can  have  one  of  three  outcomes:  a miss; 

a near  miss,  which  causes  suppression  (see  appendix  H),  or  a hit.  If  the 
firing  results  in  either  of  the  first  two  outcomes,  no  further  action  is 
required.  If  a hit  is  achieved,  then  the  damage  must  be  assessed.  The 
damage  may  fall  into  four  major  categories:  no  damage,  maneuver  only, 
firepower  only,  or  firepower  and  maneuver.  (See  appendix  I.)  The  proba- 
bility of  each  type  of  kill  Is  read  from  an  input  table  and  will  vary  as 
a function  of  round  type,  firer  type,  target  type,  range,  speed  of  target, 
and  aspect  angle  between  firer  and  target.  If  the  hit  results  In  no  damage, 
the  vehicle  Is  suppressed  for  a period  of  from  5 to  10  seconds  (Input 
values)  depending  on  the  type  of  vehicle.  If  a maneuver  only  kill  Is 
assessed,  the  target  vehicle  is  suppressed  for  2 minutes  (Input  value) 
and  then  allowed  to  resume  firing.  Similarly,  a firepower  only  kill 
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suppresses  the  target  vehicle  for  2 minutes  (input  value)  and  then  allows 
It  to  continue  moving.  A firepower  and  maneuver  kill  removes  the  element 
from  further  participation  in  the  battle. 

i.  Minefield  Countering  Tactics. 

(1)  DYNTACS(X)  requires  the  threat  force  to  employ  one  of  three 
tactics  when  a minefield  is  encountered: 

(a)  Retrograde  out  of  the  minefield,  move  laterally,  and 
attempt  to  bypass. 

(b)  Use  mine  plows  to  clear  a path  through  the  minefield. 
When  using  the  mine  plow,  the  maneuver  unit  must  use  a column  formation 
with  the  plow  vehicle  leading. 

(c)  Traverse  the  minefield,  accepting  whatever  casualties 
are  Inflicted. 

(2)  The  decision  as  to  the  tactic  to  be  employed  in  a particular 
Instance  is  based  on  the  range  from  the  FEBA.  Beyond  3,000  meters;  that 
is,  outside  of  ground  direct  fire  range,  the  tactic  of  choice  is  the 
retrograde  and  bypass.  Each  maneuver  unit  is  allowed  to  employ  this 
tactic  only  once.  This  restriction  is  enforced  to  avoid  repetitious  use 
of  this  tactic  when  encountering  a single  minefield,  resulting  in  a 
"yo-yo"  effect. 

(3)  Between  500  and  3,000  meters  from  the  FEBA  the  tactic  of 
choice  is  the  use  of  the  mine  plow.  Each  platoon  has  one  vehicle  equipped 
with  this  device.  This  tactic  is  used  as  often  as  necessary  in  the  range 
interval;  dependent,  of  course,  on  the  specially  equipped  tank's  survival. 
The  use  of  the  mine  plow  is  predicated  on  the  desire  of  the  threat  force 
to  maintain  the  momentum  of  the  attack. 

(4)  Once  the  maneuver  unit  is  within  500  meters  of  the  FEBA  the 
threat  force  enters  the  assault  phase  of  the  attack.  Once  within  the 
assault  range  it  is  essential  that  the  attackers  close  with  the  defensive 
force  as  rapidly  as  possible.  Because  of  this  desire  to  close  as  rapidly 
as  possible,  the  threat  force  will  adopt  the  third  tactic  in  this  range 
Interval  and  traverse  the  minefield  in  a tactical  formation,  accepting 
whatever  casualties  are  inflicted. 

5.  INDIRECT  FIRE.  The  artillery  support  available  to  each  side  is 
determined  by  tacticians  prior  to  the  data  base  preparation.  In  some 
Instances  it  may  be  desirable  to  allocate  only  a portion  of  an  artillery 
battery's  support  to  a particular  unit  (e.g.,  a US  company  In  the  defense 
will  receive  only  a fractional  battery  for  artillery  support).  In  these 
cases,  DYNTACS(X)  provides  for  a false  F0  to  generate  imaginary  missions 
to  tie  up  a portion  of  the  artillery  battery's  time.  (See  appendix  J.) 
Each  artillery  battery  is  placed  on  the  ground  with  the  location  of  each 
tube  recorded. 
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a.  Forward  Observer.  The  FO  function  is  normally  assigned  to  a 
vehicle  as  an  additional  responsibility.  The  FO  function  is  Interrupted 
whenever  the  vehicle  Is  firing.  Therefore,  it  may  be  desirable  to  provide 
a vehicle  that  has  no  ammunition  to  be  the  original  FO  vehicle.  This  Is 
especially  true  when  the  FO  party  Is  provided  with  special  equipment  such 
as  a laser  designator.  If  the  element  carrying  the  FO  Is  killed,  the 
responsibility  for  the  FO  mission  Is  normally  passed  to  another  element 

in  the  same  maneuver  unit.  When  all  elements  In  the  FO's  maneuver  unit 
are  dead,  the  FO  function  lapses.  An  exception  to  the  transfer  of  the  FO 
responsibility  exists  when  the  FO  party  carries  special  equipment  (e.g., 
laser  designator).  In  this  case,  if  the  FO  vehicle  Is  destroyed  (i.e.,  the 
special  equipment  is  damaged),  the  FO  function  lapses  immediately.  (See 
appendix  K for  a discussion  of  CLGP.) 

b.  Types  of  Ammunition.  Blue  artillery  can  fire  three  types  of  ammuni- 
tion: conventional,  scatterable  mines,  and  CLGP.  Because  of  the  programming 

used  in  the  artillery  model,  CLGP  rounds  are  fired  to  the  exclusion  of  all 
other  types  whenever  CLGP  rounds  are  available.  When  mine  and  conventional 
rounds  are  both  available,  the  mine  rounds  are  the  preferred  anrnunltlon. 
Conventional  rounds  are  fired  only  after  the  mine  rounds  have  slowed  the 
attackers  to  plow  speed.  (See  appendix  L for  a discussion  of  fire  planning.) 
Red  artillery  Is  restricted  to  using  one  ammunition  type. 

c.  Processing.  When  an  FO  attempts  to  call  for  fire,  he  must  first 
have  a fire  request  net  that  Is  free.  Once  that  condition  Is  satisfied, 
the  model  assesses  a series  of  time  delays  until  fire  is  actually  delivered. 
Each  delay  represents  one  step  of  the  fire  request  processing  procedure.  All 
delays  are  random  selections  from  time  distributions.  The  delays  correspond 
to:  the  time  required  to  transmit  to  fire  request  message;  the  time  required 
for  the  FDC  to  process  the  request;  the  time  required  to  send  the  firing  data 
for  the  processed  request  to  the  battery;  and  the  time  for  the  loading, 
laying,  and  firing  of  the  initial  volley.  Subsequent  volleys  follow  at 
Intervals  prescribed  by  successive  realizations  from  the  distribution  to 
load,  lay,  and  fire  subsequent  volleys. 

d.  Terminal  Effects. 


(1)  The  expected  impact  point  of  each  projectile  Is  calculated 
based  on  each  tube's  displacement  from  battery  center  and  the  desired 

aim  point.  The  center  of  mass  of  these  points  is  calculated  and  an  ellipse 
is  oriented  around  this  point.  The  dimensions  of  this  ellipse  are  specified 
by  input.  Any  elements  Inside  this  ellipse  are  considered  suppressed  by 
this  artillery  volley.  Suppression  times  are  from  5 to  10  seconds  (Input) 
and  vary  based  on  vehicle  type. 

(2)  After  determining  the  expected  impact  point,  the  actual  Impact 
point  for  each  round  is  determined.  This  is  done  by  sampling  from  the  range 
and  dispersion  probable  error  distribution  and  offsetting  the  projectiles 
accordingly.  Once  the  actual  Impact  point  is  known,  a circle  with  50-meter 
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(Input)  radius  is  drawn  around  each  impact  point.  Any  element  inside  a 
circle  is  subject  to  suppression  and  possibly  damage.  Probabilities  for 
each  kill  type  are  stored  in  tables  based  on  vehicle  type.  The  actual 
kill  type  produced  is  based  on  a random  number  draw.  If  a maneuver  only 
or  firepower  only  kill  is  assessed,  the  damaged  vehicle  Is  suppressed  for 
2 minutes  (Input).  If  a complete  kill  is  assessed,  the  vehicle  Is  removed 
from  the  battle. 

6.  AERIAL  VEHICLES. 

a.  Introduction. 

(1)  Each  aerial  vehicle  constitutes  a maneuver  unit  by  Itself. 

This  is  done  so  that  each  vehicle  can  calculate  Its  own  flight  path  without 
regard  to  the  location  of  other  aerial  vehicles.  This  allows  each  aerial 
vehicle  to  optimize  its  withdrawal  route  and,  hence,  minimize  its  vulnera- 
bility to  air  defense  weapons.  The  present  programing  assumes  that  only 
Blue  will  use  helicopters. 

(2)  Each  aerial  vehicle  is  provided  a series  of  up  to  five  opera- 

tional areas  to  work  in.  The  only  tactic  allowed  by  the  present  programming 
Is  the  "popup  and  hover"  method  of  engagement.  Three  operational  modes  can 
be  used:  autonomous  attack  helicopter,  ground  remote,  or  scout  remote 

designator.  The  iast  two  modes  are  applicable  only  to  laser  directed  missiles. 
Each  operations  area  has  a maximum  altitude  associated  with  It.  (See 
appendix  M. ) When  an  aerial  vehicle  rises  to  its  maximum  altitude.  It  Is 

at  least  15  meters  (input)  above  near  mask  for  that  operations  area. 

Therefore,  the  aerial  vehicle  will  be  able  to  observe  a significant  portion 
of  the  battlefield  without  unduly  exposing  itself  to  observation  and 
attack  by  enen\y  elements. 

(3)  The  aerial  vehicles  are  brought  onto  the  battlefield  and  flown 
to  their  first  operations  area  a short  time  before  the  ground  elements  start 
to  move.  Hence,  all  helicopters  are  in  place,  ready  to  detect  and  attack 
when  the  battle  begins.  As  the  threat  force  launches  its  attack  and  closes 
the  distance  between  itself  and  the  aerial  vehicles,  the  aerial  vehicles  will 
withdraw  Lo  successive  operations  areas  in  order  to  maintain  the  specified 
standoff  range.  When  an  aerial  vehicle  withdraws  to  a subsequent  operations 
area,  it  selects  the  optimal  route  in  the  same  way  that  the  ground  elements 
do.  While  executing  a withdrawal,  the  aerial  vehicles  fly  a nap-of-the-earth 
path  5 meters  above  the  macro terrain. 

(4)  The  aerial  vehicles  utilize  two  countermeasures  to  reduce 
their  vulnerability  to  air  defense  weapons.  Whenever  an  aerial  vehicle 

Is  exposed  for  the  purpose  of  detecting  threat  elements  or  guiding  a missile 
to  its  target,  the  aerial  vehicle  performs  a series  of  random  evasive 
motions  to  avoid  the  presentation  of  a stationary  target  for  the  air 
defense  elements.  The  second  countermeasure  is  the  employment  of  the  AN/APR- 
39  with  a range  capability.  An  aerial  vehicle  acquired  by  threat  air  defense 


9 


radar  that  Is  within  the  range  specified  will  be  given  the  opportunity 
to  remask  to  avoid  engagement.  If  an  aerial  vehicle  receives  a radar 
warning,  it  will  abort  its  mission  and  attempt  to  remask  unless  a missile 
has  already  been  launched.  After  missile  launch,  the  guiding  aerial  vehicle 
will  guide  the  missile  to  impact  prior  to  remasking. 

(5)  The  following  sections  describe  the  actions  of  each  helicopter 
type  in  each  of  the  operational  modes. 

b.  Autonomous  Mode. 

(1)  Scout  helicopters.  The  scout  helicopter  (SH)  in  the 
autonomous  mode  is  utilized  only  in  the  command  and  control  mode.  Each 
SH  executes  a series  of  popups  to  observe  the  battlefield  and  detect  enemy 
elements.  Based  on  its  own  detections,  the  SH  provides  information  about 
the  threat  force  to  the  attack  helicopters  (AH).  The  AHs  utilize  the 
Information  from  the  SHs  to  detect  enemy  elements  more  rapidly  and  maintain 
the  desired  standoff  range.  See  figure  1 for  a schematic  diagram  of  SH 
actions. 


(2)  Attack  helicopters. 

(a)  The  AH  starts  its  event  by  executing  a near  vertical 
popup  to  a hover  position  at  the  maximum  altitude  allowed  for  its  present 
operations  area.  It  then  executes  a series  of  random  evasive  actions  while 
searching  for  enemy  elements.  The  time  required  to  make  detections  is  based 
on  the  DYNTACS(X)  long  range  detection  equation  utilizing  the  appropriate 
helicopter  optics  and  the  field  of  view  available  to  the  pilot.  The  AH 
remains  in  the  search  mode  for  a varying  length  of  time.  This  time  decreases 
as  more  threat  elements  establish  line  of  sight  to  the  AH  and  as  the  threat 
closes  the  range  to  the  AH. 

(b)  If  the  AH  has  failed  to  make  a detection  before  its  search 
time  expires.  It  remasks,  relocates  Itself  In  Its  operations  area,  and 
unmasks  for  another  attempt  at  detecting  an  enemy  element. 

(c)  When  the  AH  does  detect  one  or  more  enemy  elements  It 
selects  the  highest  priority  target  available  for  attack.  The  priority  Is 
based  on  vehicle  type,  time  and  target  of  the  vehicle's  last  firing,  and 
whether  the  vehicle  is  already  receiving  fire. 

(d)  After  selecting  a target,  the  AH  calculates  an  attack 
path  using  the  minimum  altitude  required  to  maintain  line  of  sight  to 
the  target  and  attempts  to  achieve  missile  lockon  using  the  offset  lasing 
technique.  If  the  selected  target  breaks  line  of  sight  prior  to  lockon, 
the  AH  has  the  option  of  selecting  an  alternate  target  anywhere  on  the 
battlefield  to  which  line  of  sight  exists.  After  achieving  lockon  against 
the  original  or  alternate  target,  the  AH  switches  lase  to  the  target  and 
launches  a missile.  The  missile  flight  path  Is  based  on  missile  type. 

XRTOW  and  laser  beam  rider  are  flown  on  a line-of-sight  trajectory. 

Other  missiles  are  flown  on  a "ballistic"  path  to  account  for  the  greater 
seeker  visibility  associated  with  the  greater  altitude  with  this  type  of 
missile.  As  the  missile  flies  along  its  path,  line  of  sight  between  the 
missile  and  target  is  checked  each  0.3  second.  Line  of  sight  between  the 


Figure  1.  Scout  Helicopter  Search  Only  Operational  Schematic 


missile  and  target  is  checked  at  the  same  interval  for  all  missile  types 
except  fire  and  forget.  If  line  of  sight  from  the  guiding  helicopter  to 
the  target  is  lost,  the  helicopter  will  attempt  to  switch  targets  In 
flight.  (If  a fire  and  forget  missile  loses  line  of  sight  to  its  target, 
the  missile  impacts  as  an  unguided  projectile.)  The  capability  to  switch 
targets  is  limited  by  the  maneuverability  of  each  missile  type  and  the  time 
of  flight  available  prior  to  impact  on  the  new  candidate  target.  If  there 
is  a vehicle  available  that  meets  the  maneuverability  and  time  constraints, 
it  is  selected  and  engaged.  If  no  target  is  presently  available,  the 
missile  is  flown  out  for  1 second,  the  positions  of  energy  weapons  are 
extrapolated  in  time,  and  another  check  for  an  available  target  is 
instituted.  If  no  target  is  found  prior  to  the  time  the  missile  reaches 
the  range  of  the  original  target,  the  mission  Is  aborted  and  the  missile 
impacts  as  an  unguided  projectile. 

(e)  If  a missile  is  guided  to  a target,  the  probability  of 
hit  is  determined.  This  probability  is  based  on  the  percent  of  the  target 
covered  with  respect  to  the  missile  and  the  guiding  helicopter.  If  any. 

In  the  case  of  laser  guided  missiles,  an  additional  factor,  laser  spillover, 
is  included.  If  the  target  is  covered  to  the  extent  that  significant 
laser  energy  will  miss  the  target  and  if  there  is  reflecting  surface 
within  5,000  feet  to  the  reat  of  the  target,  the  probability  of  hit  is 
reduced  to  account  for  the  possibility  of  a false  target  diverting  the 
missile. 

(f)  If  the  random  number  drawn  against  the  probability  of 
hit  is  less  than  or  equal  to  the  determined  hit  probability,  a hit  is 
achieved  and  the  results  of  the  hit  are  assessed  in  the  same  manner  as 
the  ground  weapons.  Different  kill  distributions  are  used  for  XRTOW  and 
HELLFIRE.  After  a hit  or  a miss  is  achieved,  the  AH  remasks  and  either 
withdraws  to  the  next  operations  area  or  relocates  itself  within  the 
current  operations  area.  The  AH  will  withdraw  if,  during  its  engagement, 
it  has  detected  an  enemy  element  inside  its  standoff  range.  The  potential 
for  this  rapid  relocation  denies  the  enemy  force  the  capability  of 
maintaining  general  knowledge  of  the  helicopter  once  It  has  remasked. 
Therefore,  when  a helicopter  remasks  and  either  withdraws  or  relocates, 
the  enemy  force  loses  its  knowledge  of  the  general  location  of  the 
helicopter.  Figure  2 is  a schematic  of  the  AH  action  cycle. 

c.  Scout  Remote  Mode. 


(1)  The  SH  in  the  scout  remote  mode  behaves  similarly  to  the  AH 
in  the  autonomous  mode.  The  SH  starts  its  engagement  cycle  with  the 
same  unmask  and  detection  steps  as  the  AH  in  the  autonomous  mode.  After 
detection,  however,  the  SH  remasks  in  order  to  evaluate  the  detected 
targets  and  coordinate  with  an  AH.  After  selecting  an  AH  to  participate 
In  the  mission,  the  SH  again  unmasks  and  searches  for  his  desired  target. 
Since  the  SH  knows  the  approximate  location  of  his  desired  target,  his 
detection  rate  is  considerably  faster  than  a search  with  no  prior 


knowledge.  If  the  SH  is  unsuccessful  in  his  redetection  (e.g.,  his  desired 
target  has  broken  line  of  sight),  then  the  SH  can  switch  to  any  detected 
target  on  the  battlefield  to  which  line  of  sight  exists.  If  no  target 
presents  itself,  the  SH  aborts  the  mission,  informs  the  AH,  and  remasks. 

If  successful  in  Its  redetection  of  a target,  the  SH  will  utilize  offset 
lasing  to  allow  the  AH  to  lockon.  If  a lockon  is  achieved  and  the  missile 
launched,  the  SH  transfers  the  laser  beam  to  the  target  and  guides  the 
missile  in.  The  missile  is  flown  out,  targets  are  switched,  and  proba- 
bilities of  hit  and  kill  are  determined  as  in  the  autonomous  mode.  After 
missile  impact,  the  SH  remasks  and  relocates  as  the  AH  does  in  the  autono- 
mous mode.  After  remasking,  the  SH  makes  the  same  decision  as  the  autono- 
mous AH  whether  to  relocate  In  the  same  operations  area  or  withdraw.  The 
decision  is  also  based  on  whether  or  not  an  enemy  element  was  known  to  have 
penetrated  to  less  than  the  desired  standoff  range.  In  addition  to 
making  its  own  decision  of  relocation  or  withdrawal,  the  SH  also  can 
order  an  AH  to  withdraw  if  the  SH  has  detected  an  element  that  is  too  close 
to  the  AH's  position. 

(2)  If  the  Ah  cannot  achieve  lockon,  then  the  mission  Is  aborted 
and  both  the  AH  and  SH  remask.  The  SH  then  would  begin  another  engagement 
cycle. 

(3)  The  AH  can  initiate  its  own  withdrawal  if  it  has  detected, 
during  the  course  of  its  engagement,  an  enemy  element  within  its  standoff 
range.  If  the  AH  has  failed  to  do  so,  it  will  relocate  in  its  present 
operations  area  and  await  SH  orders  to  withdraw  or  attack.  Figure  3 is  a 
schematic  of  the  SH  remote  action  cycle. 

d.  The  Ground  Remote  Mode. 

(1)  The  AH  behaves  in  the  same  fashion  as  for  scout  remote: 
remains  behind  mask,  pops  up  to  launch  a missile,  remasks,  and  relocates 
or  withdraws. 

(2)  The  SH  behaves  similarly  to  the  SH  in  the  autonomous  mode: 
its  main  function  is  to  provide  control  and  additional  information  to  the 
designating  element.  The  SH  are  also  linked  to  the  ground  remote  desig- 
nator (GR)  by  radio.  Information  collected  by  theSH  during  popup  is 
relayed  to  the  GR  to  assist. the  GR  in  its  detection  process. 

(3)  The  ground  remote  designator  (GR)  maintains  a continuous 
observation  of  the  battlefield  from  its  FEBA  location.  When  the  GR 
detects  a target  complex,  it  calls  for  a single  AH  to  engage  the  complex. 

The  GR  prioritizes  the  elements  in  the  complex,  estimates  the  duration  of 
line  of  sight  for  each  element,  and  selects  the  highest  priority  target 
that  Is  expected  to  be  visible  when  the  AH  attacks.  When  the  AH  unmasks, 
theGR  lases  using  the  offset  lasing  technique.  When  lockon  has  been 
achieved  and  the  AH  fires  its  missile,  the  GR  shifts  its  laser  to  the  target 
and  guides  the  missile  in.  Probabilities  of  hit  and  kill  are  determined  as 
in  the  autonomous  case.  The  GR  will  also  notify  the  AH  to  withdraw  when 
enemy  elements  have  approached  within  the  desired  standoff  range.  Figure 

4 is  a schematic  of  the  GR  remote  action  cycle. 
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Remote  Designation  Operational  Schematic 


Figure  4.  Ground  Remote  Designation  Operational  Schematic 
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APPENDIX  A 

ENVIRONMENTAL  DATA  PREPARATION 


1.  Environmental  data  are  prepared  only  when  a piece  of  terrain  Is 
used  for  the  first  time.  For  all  subsequent  uses,  the  using  command 
has  the  option  of  using  the  environment  data  as  they  were  prepared  by 
the  original  user.  Although  this  option  is  appealing  because  It 
eliminates  a major  headache,  it  should  be  adopted  only  when  time 
constraints  require  that  every  possible  short  cut  be  adopted.  Instead 

of  accepting  the  environmental  data,  the  elevation  map  produced  by  MAPLOT 
program  (Inclosure  A-I-a)  and  Individual  environmental  overlays  (inclo- 
sure A-II-a)  should  be  produced  and  checked  against  source  data. 

2.  At  the  present  time  DYNTACS(X)  environmental  descriptors  have  been 
prepared  for  only  two  areas,  one  in  the  Fulda  Gap,  Germany,  and  one  on 
Fort  Hunter-LIggett,  California.  Therefore,  the  present  user  of  DYNTACS(X) 
must  either  place  his  scenario  In  one  of  these  two  terrains  or  prepare  an 
entire  environmental  data  base  for  a new  area.  The  remainder  of  this 
appendix  will  be  of  interest  to  those  who  are  considering  the  preparation 
of  a new  set  of  environmental  data. 

3.  Environmental  data  can  be  separated  into  elevation  data  and  descrip- 
tive environmental  overlays.  The  elevation  data  are  normally  provided 
by  either*  Defense  Mapping  Agency  (DMA)  or  Waterways  Experimentation 
Station  (WES).  At  this  time  DMA  can  supply  only  elevation  tapes.  These 
tapes  contain  elevation  data  derived  from  1:50,000  scale  maps.  One 
tape  contains  the  elevations  at  12.5  meters  Intervals  for  an  area  of  1 
degree  of  longitude  by  1 degree  of  latitude.  The  elevation  of  the  area 
of  concern  must  be  extracted  from  the  Information  provided  by  the  DMA 
tape.  A possible  procedure  for  performing  this  extraction  is  explained 

at  annex  A-I.  DMA  provides  these  tapes  at  no  cost  to  the  user. 

\ 

4.  WES  will  provide  elevation  Information  In  any  format  required  on  cards 
or  tape  under  a procurement  contract.  Since  the  user  can  specify  the  data 
format  and  will  receive  only  the  elevation  data  required,  he  can  avoid  the 
problem  of  extracting  the  needed  information  from  a mass  of  data.  One 
must  recall  that  the  elevation  reiolution  must  be  fine  enough  to  allow 

an  estimation  of  the  microterrain  standard  deviation  (see  annex  B-II). 

This  must  be  taken  Into  account  when  specifying  the  resolution  required 
from  WES.  However,  WES  must  be  reimbursed  for  Its  effort  and  the  funds 
(approximately  $2,000)  must  be  made  available. 

5.  DMA  In  coordination  with  CCSS  directorate,  CACDA,  Fort  Leavenworth 
Is  exploring  the  possibility  of  providing  environmental  Information  In 
addition  to  elevation  data.  The  two  agencies  are  compiling  a list  of 
required  Information  for  several  land  combat  models.  DMA  intends  to 
develop  the  capability  to  satisfy  all  the  environmental  data  needs  of 
several  of  the  Army's  models.  If  DMA  can  fulfill  Its  goal,  then  DYNTACS(X) 


users  will  be  able  to  receive  a full  data  package  containing  all  required 
environmental  data  for  any  area  in  the  world.  When  this  capability  is 
realized,  one  of  the  main  constraints  (limited  terrain)  now  imposed  on 
the  DYNTACS(X)  model  will  no  longer  exist. 

6.  After  the  elevation  matrix  has  been  prepared,  the  accuracy  of  the 
matrix  should  be  checked  by  the  use  of  a program  called  MAPLOT  and  a 
topographical  map.  The  MAPLOT  program  (See  chapter  5 and  annex  E, 
Automated  Preparation  of  Digital  Topographic  Data,  SA  Group  Technical 
Keport  ik  2-/6,  heb  7'J,  and  inclosure  A-i-d,  this  report)  will  produce 
a plot  of  the  contour  lines  defined  by  the  prepared  elevation  data.  By 
properly  adjusting  the  input  parameters  one  can  produce  a plot  that  has 
the  same  scale  and  contour  interval  as  a reference  topographical  map. 

By  superimposing  the  computer  produced  plot  and  the  topographic  map, 
one  can  normally  detect  significant  mistakes  in  the  input  elevation  data. 

7.  Once  the  elevation  data  have  been  procured  and  verified,  the  environ- 
mental overlays  are  produced.  (An  explanation  of  the  environmental  over- 
lays starts  on  page  2-18,  AR  69-2A,  The  Tank  Weapon  System,  September 
1969.  It  should  be  noted  that  the  maximum  number  of  overlapping  figures 
considered  has  been  raised  to  50  (pg  2-19)  and  that  the  information 
originally  contained  in  COMMONS  LBINTL  and  LRINTL  is  now  contained  In 
COMMON  TD.)  These  overlays  are  normally  produced  from  a detailed  terrain 
analysis,  which  is  usually  performed  by  WES. 

8.  In  the  past,  there  has  been  too  little  guidance  and  direction  provided 
to  WES.  This  lack  of  guidance  normally  produces  a wealth  of  detailed  in- 
formation having  little  or  no  bearing  on  the  qeustions  that  need  to  be 
addressed  In  order  to  prepare  DYNTACS(X)  input.  For  example,  DYNTACS(X) 
only  needs  the  height,  density,  and  diameter  of  the  vegetation.  Collecting 
reams  of  information  measuring  the  thickness  of  primary,  secondary,  etc. 
branchings  from  the  main  trunk  is  not  only  unnecessary  but  may  prevent  the 
required  data  from  being  collected.  A concerted  effort  must  be  made  to 
limit  the  terrain  analysis  to  an  examination  of  those  environmental  factors 
portrayed  In  DYNTACS(X).  This  will  not  only  Increase  the  accuracy  of  the 
analysis  but  will  also  probably  result  in  a decrease  in  cost  by  eliminating 
unnecessary  detail.  The  form  of  the  report  on  the  terrain  analysis  should 
also  conform  to  the  DYNTACS(X)  requirements.  A classification  system  based 
on  the  variables  DYNTACS(X)  uses  for  vegetation,  soil  type,  and  surface 
roughness  should  be  required.  A series  of  overlays  showing  the  location  of 
each  type  of  vegetation,  soil  type,  and  surface  roughness  should  be 
included  In  the  report.  (See  page  2-22,  Report  AR  69-2A,  The  Tank  Weapon 
System,  Systems  Research  Group,  Ohio  State  University,  September  1969  for 
aTTsT  of  environmental  variables  used  In  DYNTACS(X). 

9.  A properly  conducted  terrain  analysis  should  be  sufficient  to  allow 
the  preparation  of  the  environmental  overlays.  However,  a 1:25,000  scale 
topographic  and  an  aerial  photograph  of  the  surface  in  question  could  be 
helpful  in  resolving  questions  about  the  area.  These  should  be  made 
available,  if  possible. 
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10.  The  environmental  overlays  should  be  prepared  with  a high  degree  of 
accuracy.  Many  of  the  tactical  decisions  and  decision  rules  are  predica- 
ted on  a map  analysis.  Since  military  people  seem  to  have  difficulty 
understanding  and  Interpreting  computer  prepared  maps,  these  map  analyses 
will  probably  be  done  using  topographic  maps.  If  these  map  analyses  are 
to  prove  useful,  the  terrain  as  "seen"  by  the  computer  should  closely 
resemble  the  actual  terrain.  Because  this  resemblance  to  the  actual 
te.rain  Is  so  Important,  it  Is  necessary  to  take  steps  to  Insure  that  the 
environmental  figures  have  been  coded  properly.  One  procedure  for  doing 
this  Is  to  prepare  a plot  of  each  of  the  environmental  overlays  and  compare 
each  plot  with  Its  respective  original  overlay.  A plot  program  for 
accomplishing  this  is  Included  at  annex  A-II. 

11.  The  general  approach  to  coding  the  environmental  overlays  that  has 
been  used  before  is  to  prepare  one  set  of  figures  (circles  and  parallelo- 
grams) for  each  environmental  characteristic  (soil  type,  surface  roughness, 
etc.).  This  approach  will  mean  that,  in  general,  each  figure  will  have 
only  one  non-zero  index  associated  with  it.  The  actual  selection  of  the 
figures  used  to  describe  each  environmental  characteristic  Is  done  by 
judgment.  To  facilitate  this  selection,  an  overlay  for  a particular 
terrain  characteristic  Is  prepared  on  the  same  scale  as  an  available 
topographic  map.  The  overlay  Is  superimposed  over  the  topographic  map, 
and  geometric  figures  are  selected  to  represent  the  different  areas  of 
Interest.  The  grid  coordinates  of  the  comers  of  each  parallelogram 

and  the  center  and  radius  of  each  circle  are  then  read  from  the  topo- 
graphic map.  These  grid  coordinates  are  then  provided  to  the  FEATUR 
program,  which  transforms  the  coordinates  into  DYNTACS(X)  input.  The 
FEATUR  program  Is  at  annex  A-II I. 

12.  The  following  is  a list  of  suggestions  or  pointers  to  be  considered 
when  preparing  input  for  the  FEATUR  program: 

a.  It  is  important  to  order  the  coordinates  of  the  corners  of  a 
parallelogram  properly.  Any  order  is  acceptable  provided  that  the  corners 
are  listed  in  either  clockwise  or  counterclockwise  order.  For  example,  in 
figure  A-I  the  coordinates  could  be  listed  In  any  of  the  following  orders: 
1234,  3412,  or  3214.  However,  3124  would  be  an  unacceptable  order.  The 
FEATUR  program  adjusts  the  fourth  coordinate  in  any  list  to  produce  an 
accurate  parallelogram.  Although  the  FEATUR  program  has  a test  for  co- 
ordinates in  an  improper  sequence,  the  mathematical  accuracy  In  coordinates 
required  to  allow  identification  of  this  problem  makes  the  test  ineffective. 
Consequently,  entering  the  coordinates  in  order  3124  might  produce 
parallelogram  3125  instead  of  1234,  as  desired. 

b.  The  following  is  another  technique  predicated  on  the  adjustment 
of  the  fourth  coordinate  listed.  The  primary  use  of  the  geometric  figures 
is  to  define  boundaries  between  areas  of  different  index  values.  The 
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parallelogram  In  figure  A-2  Is  being  used  to  define  part  of  a boundary. 

If  the  coordinates  for  this  figure  are  entered  in  order  2341  and  an 
adjustment  of  the  last  coordinate  is  required,  the  position  of  point  1 
will  be  modified.  This  will  result  In  an  adjustment  to  the  boundary 
being  described.  However,  if  the  coordinates  are  entered  in  order  1234 
or  order  3214,  point  number  4 will  be  adjusted  and  the  desired  boundary 
description  will  be  maintained.  Therefore,  when  recording  coordinates 
of  a parallelogram,  one  should  take  care  to  list  the  point  that  Is 
Interior  to  the  area  being  described  in  the  fourth  position. 

c.  If  dynamically  emplaced  minefields  are  employed,  sufficient 
(approximately  60)  extra  parallelograms  and  circles  must  be  provided 
to  describe  these  features.  This  will  have  Implications  In  the  dimen- 
sions of  several  environment  related  commons  or  variables. 

d.  In  the  case  of  figures  depicting  heavy  vegetation,  an  exception 
may  be  made  to  the  general  rule  of  one  non-zero  Index  value  per  figure. 

In  this  case,  the  speed  of  travel  through  the  vegetation  may  be  limited 
in  addition  to  describing  the  vegetation  Itself.  If  this  is  the  case, 
the  appropriate  rough  terrain  code  may  be  Included  with  the  vegetation 
code  for  the  appropriate  figures. 

e.  Areas  of  vegetation  can  also  be  coded  as  forest  features.  (See 
description  of  cover  fraction  starting  on  page  2-49,  Report  AR  69-2A,  The 
Tank  Weapon  System,  Systems  Research  Group,  September  1969.)  When  an 
area  of  vegetation  would  be  expected  to  totally  block  line  of  sight, 
that  area  should  be  coded  as  a forest  feature  by  placing  the  alpha 
character  F In  card  column  80  on  the  data  card  for  FEATUR.  Since  forest 
features  totally  obscure  line  of  sight,  care  should  be  taken  In  assigning 
the  forest  designation  to  areas  near  a defensive  site.  These  forest 
features  close  to  the  defensive  weapons  may  unrealistically  Interrupt  the 
line  of  sight  of  the  defensive  weapons. 

f.  The  Index  value  used  for  minefields  has  no  relationship  to  the 
Index  system  used  for  other  figures.  The  minefield  Index  is  the  density 
of  the  minefield  times  100,000. 

g.  Manmade  objects  (cities,  towns,  towers)  can  be  coded  as  "forest" 
features  to  allow  them  to  obscure  line  of  sight  where  appropriate. 

h.  Whenever  possible,  circles  should  be  used  to  describe  areas  on 
the  terrain.  The  use  of  circles  will  speed  up  the  machine  procedure 
used  to  Identify  which  figures  are  superimposed  over  a given  location. 

. i.  Consideration  may  be  given  to  assigning  background  parameter 

values  to  the  highest  Index  value  In  each  environmental  category.  This 
procedure  may  lead  to  efficiencies  when  describing  unusual  areas.  In 
this  case,  depicted  In  figure  A-3,  one  could  use  a figure  with  a high 
index  value  and  background  parameter  values  to  "subtract"  an  area  of 
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lower  Index  value.  Circle  A with  radius  R has  index  value  3.  Circle  B 
with  radius  S has  Index  value  5 and  background  parameter  values.  Since 
only  the  highest  Index  value  Is  used  for  one  environmental  characteristic, 
the  circle  B cancels  out  part  of  circle  A.  If  this  method  were  not  used, 
the  area  to  be  described  would  require  several  parallelograms  and  circles 
for  its  description. 


ANNEX  A- I 

CACDA  Elevation  Data  File  Processing 


1.  Elevation  Data  are  received  from  Defense  Mapping  Agency  Topographic 
Center  (DMATC)  Washington,  D.C.  These  data  are  being  digitized  at  each 
0.01  Inch  on  the  map  and  equate  to  a ground  distance  or  Interval  of  12.5 
meters.  These  are  also  based  on  the  Universal  Transverse  Mercator  grid 
system. 

2.  The  following  programs  are  used  to  convert  the  elevation  data  from 

the  UNIVAC  format  in  which  the  data  are  received  from  DMATC  to  the  standard 
Control  Data  Corporation  (CDC)  format  utilized  by  the  CDC  computer  located 
at  Fort  Leavenworth,  Kansas: 

a.  UATA1:  This  program  Is  used  to  transfer  the  Elevation  Data  from 
the  UNIVAC  tape  supplied  by  DMATC  to  a CDC  tape  maintained  by  the  TRADOC 
Data  Processing  Field  Office  (DPFO)  at  Fort  Leavenworth,  Kansas.  (See 
Inclosure  A-I-a.) 

b.  UATA2:  This  program  converts  the  tape  created  In  UATA1  from  the 
UNIVAC  format  to  the  CDC  standard  format.  (See  Inclosure  A-I-b.) 

c.  UATA3:  This  program  Is  used  to  extract  from  the  tape  file  created 
in  UATA2  an  elevation  matrix  that  represents  a desired  land  area  and  grid 
Interval.  A control  card  (described  In  the  program  listing)  Is  required 
that  describes  the  UTM  coordinates  of  the  area  to  be  extracted  and  the  grid 
interval  in  multiples  of  12.5  meters.  (See  Inclosure  A-I-c.) 

d.  UATA4:  Program  used  to  produce  a tape  that  can  be  used  as  Input  to 
the  CAL  COMP  plotter  to  create  a contour  map  of  the  area  extracted  In 
program  UATA3.  Control  card  information  Is  provided  in  the  program  listing. 
(See  Inclosure  A-I-d.) 

e.  UATA5 : Program  Is  used  to  join  arrays  of  elevation  matrices  Into 
a single  elevation  matrix  file.  Program  description  and  control  card 
Information  Is  included  within  the  program  description.  (See  Inclosure 
A-I-e. ) 


Inclosure  A-I-a 


Transfer  of  Elevation  Data  to  CDC  Tape 
(UATA1) 


UATfll,  t WT1, ‘irj  , t ^ j T T A L °POGP Am  TO  ^40  JNIVA  0 TAP"  FROM  f)MAT  <* 

T ASK,  TN  = IUA^NTf  T A = ’ 1 7 02  , W*** 5 7 , OS=  A T I AG A*1 , T=»  = TS  . 

PAUSE.  UNIVAO  TAPE  IS  IN»'JT  ON  UNIT  6 (7  TRACK) 

VSN,TAPrr  = ioie.  *T»ipijt**  7 T^A-CK  F?3M  "MAT" 

RtOUES  T ,TAP“5,MT,HY,L. 

VSN.TAPPft=SA7r.  *OUT3UT  0 T^A^K* 

PAUSE.  LAl^LsOEA  m.oT-MH.O'NsPP.  TRK=0.. JO P=JATAt. 

LAOrL»TApI6»W»0=PE»L  = Gci001. 

FTN,L=0. 

LOO. 

PPOGP  AM  M A3S  (OUTPUT  .TAPFE.TAP-S.TA  3-e,l=  OUTPJT  > 

OTMENSTON  IARRAY(692> , JAR?AY(A) 

DATA  IE OF/ 12=46?*  1 50/,  IfOI/1 ‘>6513115*/ 

ir=o 

DO  10  1=1*2 

PUFFER  IN (5,1) ( JARR  A Y (1) , JARR  AY  (8) ) 

IF  ( UNIT ( 5 ) ) 20,30,21 
21  WRITE (51 , n17) 

GO  TO  30 

20  WRTTE (51 , 910)  JARPAY 
910  FQDM A T ( 1H  , 50  ?f) /I X,  50  20  ) 

BUFFER  OUT  (6, 1)  (J  ARRAY  Cl)  ,JAR»AY(S) > 

IF  (UNIT (6) ) 10, TO, 21 

10  CONTINUE 

11  qijpcfri?  TW  (5,1  W TAPRAY  (1  ) , TARPAV  ff.q?1  ) 

IF  (UNI T ( 5) ) 63,70,62 

52  WRTTE  (61,917) 

WRITE  (61,920)  IARRAY 
30  WRITE  (61,904) 

904  FORMAT (32H  PARITY  CHECK  J09  ENOS  A ?NORMAL) 

STOP 

920  FORMAT ( (1 H ,(1X, 020, IX, 020, IX, 020, IX, 020, IX, 020, IX, 020))) 

53  JSPCT=  SMIPKIARPAYd)  ,-30) 

1 = (JSHFT.EQ.  IEOF)  GO  TO  ’1 
Ir ( JSHFT . E3.  TEOI)  GO  TO  72 
T5  (TC.GE.13)  GO  TO  60 
IC=IC*1 

WRITE (61, 920 ) IARRAY 

60  RUFFro  0UT(6,1)  ( I A*R A Y ( 1 ) , I Ao? AY  (692 ) ) 

IF (UNIT (6 ) ) 11,30,21 
71  WPTTr  (61.900) 
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900  F0RMAM34H  END  OF  EOF  9Y  CHECKING  EOF  RECORD! 

GO  TO  SO 

72  WRITE (61,  901) 

9P1  FORMAT (23H  END  OF  INFORMATION  CHK) 

BUFFER  OUT  (6,1)  ( IARRAY  Cl) * I ARRAY { 69? ) ) 

I F ( UN T T (6)1  31,30,21 
31  WRITE (61, 9201  I ARRAY 
7 0 WRITF(61, 9301 

930  C0RMAT(1H  , 13HTHATS  THE  ENOl 
ENOFILE  6 
REWIND  6 
WRITF (61,940) 

940  FORMAT(lHl,18HCHECK  OUT  CDC  TAPEI 
OO  15  1=1,2 

BUFFER  IN  CS, 1 1 (J ARRAY (1) »J ARRAY (811 
IF  (UNIT (61)  14,66,16 
16  WRITE (61, 9171 

917  FORMAT ( 1H  ,3?HTMIS  RECORD  HAD  I/O  PARITY  ERROR) 

14  WRITE (51,010)  JARPAY 

15  CONTINUE 

TC=0  . - 

25  BUFFER  IN  (6,1 ) (IARRAY (1) , IARRAY (692) I 
IF  (UNIT (6)1  26,66,69 

59  WRITE  (61,9171 
M WRTTF (61, 9*0)  IPRPAY 
GO  TO  25 

26  IF (IC»GF, 19)  GO  TO  25 
WRITE (61 , 920J  IARRAY 
IC=IC*1 

GO  TO  25 
66  WRITE (61, 921) 

921  FORMAT  ( 1H  , 2 1HEND  OF  FILE  BY  EOF  CO 
STOP 
END 


UATA2,T70000,NT2.  CONVERT  INTO  COC  60  1IT  MOPO  STRUCTURE 
T ASK»TN=IUAMMT, TA=21702,WP=57,OS*ATCACAM, TR=TS. 

PAUSE.  TAPE  6 IS  THE  OUTPUT  TAPE  FROM  UATA1 
VSN,TAPF6=9898.  INPUT  *9*  TRACK 
L ABEL. TAPE6,R,D=PE,L=G5 801. 

VSN(TAPF3=SAVF> **OUTPUT  TAPF.**HILL  GO  INTO  2 REELS  MAYBE 
PAUSE.  LABEL=G5802,TRK=9,0=PE.JOB*UATA2,  TSK«IUANNT*» 

LABEL. TAPE8.«.O=PEtL*G5302. 

FTN,L=0. 

LGO. 

PROGRAM  CONVRT (OUTPUT, TAPE6.TAPF8.TA»F6l=OUTPUT| 

DIMENSION  TA (692) • JA(9),  12(2307) 

DATA  IE0F7l254626l5B/,IF0I/12«55t3119B/ 

INI  3=777703 000 000 00 00 00 0 0 9' 

IN?  A*  1)00  0 mOO  0 0 00  0 000 1777B 
IN29=7700 000000000000 00009 
INlA=OQ000000000000Q00017R 

c 

C BUFFER  IN  HEADER  RECORDS  ANO  BYPASS 
G 

DO  10  1=1,2 

BUFFER  IN  (6, it  (JA(1)  ,JA(8)) 

IF(UNIT(6) >9,99,9 
9 CONTINUE 
10  CONTINUE 
C 

C BUFFER  IN  ELEVATION  RECORDS  AND  CONVERT  TO  CDC6000  WORD  STRUCTURE 

C 

ICNT-0 

20  DO  21  1=1,2307 

21  12(1)  = 0 

BUFFER  IN (6,1)  (I A( l) , I A (692 ) ) 

IF  (UNI T ( 6) ) 30, 99, TO 

C 

30  JSHIFT  = SHIFT(TAIl) ,-30) 

IF ( JSHIFT ,EQ. IEOF)  GO  TO  96 
IF  (JSHIFT. EQ.IEDI)  GO  TO  96 
ICNT=  ICNT+1 
C 

C THE  ABOVE  CHECKS  FOR  END  OF  FILE  ANO  ENO  OF  INFORMATION 


BUILD  CDC  RECORD  FROM  NMP  TAPE 

SCAN  LINE  X IN  WORD  1 SCAN  LINE  Y IN  40RD  2 

IN*  SHIFT ( I A ( 1) ,36) 

12(1)  =SHIFT (IN, -48) 

IW=  SHIFT (TA (1) ,48) 

12(2)  = SHIFT  (IH,-«*9) 


BUILD  2 COORDINATES  FOR  SCAN  LINE 
THIS  LOOP  CONVERTS  10  ELEVATIONS 
K = 3 

DO  65  Ls?,690,3 
IN*  SHIFT (I A (L) ,2) 

17  IK)  = SHIFT  (IN  , -•*•» ) 

K*K*1 

TN»  SHIFT (IA (L) .20) 

IZ(K)«  SHIFT  (IK, -<*«,) 

K>-K*l 

I N = SHIFT (IAIL) ,38) 

17(0-  SHTCT  ( TW , -l«t» » 


FOR  EACH  INCREMENT 


A-I-h-2 


55 

C 

C ALL 
C • 
C 


<=<♦  1 

IW  = 1MD.AM3.TN1A 
I Ml  = IA(L*1)  .ANP.  imp 
IW  = IW.03.IW1 
IW=  SHIFT  (IW,56) 

IZ(K)  = SHTFT(TW,-44> 

<=<♦1 

IF  (L  .CF.  600)  60  TO  6S 
IW*  SHIFT  (I  A (L* l) .14) 

17(0  = SHIFT  (IW, -1,4) 

<=oi 

IW=  SHIFT (IA (L+l) .32) 

IZ«)  = SHIFT  (I W, -44) 

k=kh 

IW*  TA(LU).AN0.IN2A 
IW1=IA(L*2) .AN0.IN20 
IW  = IW.03.IW1 
IW  = SHIFT (IW . 50) 

IZ(K)  = SHIFT (IW. -44) 

K=01 

IW=  SHIFT  ( IA(L+2),  8) 

IZ(K)  * SHIFT (IW, -44) 

K - K*1 

IW  = SHIF  T(IA(L*?)»25) 

IZ(K>  * SHIFT (IW, -44) 

< = <♦1 

IW  = SHIFT(IA(L+2>,44) 

IZ (K)  * SHIFT (IW, -44) 

K=K*1 

CONTINUE 

oone  with  one  scan  like 

•FOLLOWING  C00E  GETS  RIO  OF  7(S  AT  ENO  OF  ELEVATIONS 


DO  66  <*1,2307 

IF(I7(K).EQ.-f>3) 

CONTINUE 

GO  TO  69 

CONTINUE 

KX=K-3 

DO  68  IXY=KX,K 
IZ(IXY) *0 
CONTINUE 


GO  TO  67 


WRITE (8,1 93)  (I7(N) ,N=3,230Z> 

IF  (TCNT.GE.50)  GO  TO  20 
GO  TO  23 

WRITE (61,104)  ICNT 

F0°HAT(1X ,35 HALL  OONF  NUHBrR  OF  RECORDS  READ 
FOnMAT(lX ,2016) 

FO^MATdY.ZOHPUFFFR  OUT  I/O  ERROR  RECORD  ,131 
FORMAT ( IS ) 

CONTINUE 

STO» 

END 


A-I-b-3 


r 


UATt3.T701.vn.  PREPARE  ELEVATION  *ATRIX 
T *S< » T N=  TU AMNT . T4  = ?17'’.?,Wn=GT,0*‘sAT040Au,TP  = TS« 

PAUSE.  T»>r  S IS  THE  0UT°UT  FILE  FROM  UATA? 

VSM,T4pf»s7?1E,=  774A=96<',C.  IN’UT  fjit  Fpom  #uATA2* 

LABEL. TAoE9,®,0=pE,L=G5312. 

PAUSE.  T A°E  9 Tf  THF  OUTor  FILE (ELEVATION  MATRIX) JSUALLV  SMALL  ENOUGH  FOR  OI5X 

REOUEST,T4Prqf.pc# 

FTN.L=0. 

LSO. 

CATALOG. rAPE9.GS103. I 0=TUANNT. 

PROGRAM  BUILD ( I NPUT, OUTPUT, TAPES, TAPE 9, T APES1 ^OUTPUT, T4PE60= INPUT)  MAT? I 
OIMPNSION  17(2305)  MATRI 

ICNT  = l)  MAT?  I' 

READ(60»100Q)X1,Y1,X2,Y?,X3»Y3»IO  MAT? I 

C ••CONTPOL  TO  DESCRIBE  UTM  COORDINATES  OF  ELFVATION  MATRIX  GG 


C** 

C**CC 


1-6 

7-13 

14-19 

20-76 

27-32 

33-39 

40-41 


91 SC?T°T ION  OF  INPUT  OATA  CARO 
DESCRIPTION 
X COOR0  OF  SW  CORNER  OF  DMATC  TAPE 

Y COORO  OF  SH  CORNER  OF  DMATC  TAPE 

X COORO  OF  SW  COPNER  OF  AREA  TO  BE  CXTRACTC3 

Y COORO  OF  SW  C09NFP  OF  ARF.A  TO  BE  EXTRACTED 

X COORO  OF  HF  CORNfr  of  AREA  TO  BE  EXTRACTED 

Y COCRO  OF  NF  CORNER  OF  AREA  TO  BE  EXTRACTED 

TNTERVaL  TO  "E  EXTRACTED  (IN  MULTIPLES  OF  12.5  *FTERS) 

01  * 12.5 

02  = 25.0 

03  = 37.5 


*E  EXTRACTFO 


03  s 100.0 
FTC 

FORMA  T ( 3 ( c6. 0 ,F7.0) 12) 
IX4=(X2-Xl)/12.5 
IYA=(v?-Yl)/l'>.6 
IX5=(X3-X2)/12.5 
IY6=(vo-y1)712.5 
NX?  = T X6/T  0 
NYS=(Tvn-lVt,)  /nti 
IF(TX4.LT.l)  1X4-1 
1F(TY4.LT.1)  IY<*  = 1 
IFriXF.LT.l)  TXCs 1 

if(iye.lt.i)  tyb=i 
rrn<s.LT.i)  *'xs=i 
TF (NYF.li , 1)  N Y c=  1 

H=TTFrM,1112)V1tYl,X->,Y?,X3,Y3,ir) 


MATRIX 

MATRIX 

MATRIX 

MATRIX 

GG 

GG 

GG 

GG 

GG 

GG 

GG 

GG 

GG 

GG 

GG 

GG 

GG 

GG 

GG 

GG 

GG 

MATRIX 

MATRIX 

MATRIX 

MATRIX 

MATRIX 

MATRIX 

MATRIX 

matrix 

'•ATRIX 

MATRIX 

MATRIX 

MATRIX 

MATRIX 

MATRIX 


A-I-C-2 


1 n l ? 

(si,  m mtx4,  iyit.iv^.iy^.Nxs.Nys 
ini3  pn’MUTCiy.^n^.sxn 
-e  no  jn  t * t , i.X4 
nil',  nnt»  17 
IFi*-ormi  99,30 
?o  r.^Ti-u- 

*5  MPrTe-<q,inon  (t7(j>,j=iy*i,yvq,Tn> 

1 T»  1 FP9“4T(I5> 

OP  41  I=l,TO 
9r0O(3,  1001)  I? 
ir  f =:0F  C S > ) 99,41 
'♦l  roNTiMUP 

irviTrlONTHO 

IFrTC"y.5r.TXc)  GO  TO  99 
GC  TO  35 
99  CONTINUE 
EMOFI!.-  9 
REWIND  9 

45  DO  50  1=1,2305 
50  im»  = 0 

REAO (9* 19011 <IZ (I » , I*i,NVSI 
IF(rOF(9>l  999,60 
50  W°ITF (51, 1005)  (17(11,1=1 ,NT5) 

1005  «rO‘>»*«T(lX,?Or5> 

GO  TO  45 
9«9  STOP 
END 

5141545605475.54  050056190  0 05420  0 05624  0 00  00 


H4T? 
-AT? 

H4T??< 

HAT?  I 

Himi 

-'sm 

mm 

HA  T?  IX 

MAT? IX 

HAT?IX 

Mim 

mat?ix 

MAT?IX 
HAT? IX; 
HAT? IX! 
NAT? IX) 
H4T?IX 
MATRIX, 
H4T?IX 
HA  T? IX 
MATRIX 
HAT? IX; 
HAT? IX 
HAT? IX 
MATRIX 
HAT? IX 
H4T?IX 
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MAPLOT  Program 
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o 
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* o 


; o 


o 


o 


} o 


i c 


c 

r 

( 

c 


f. 


UATA4,TSOO,NT1.  PLOTTING  ROUTINE  *»MAPLOT** 
rAS<*TN  = IUAMNT»TA  = ;>i7i)2*Wo=,>7,0SsAT0ACA,4»TR=TS. 

ATTACH, PLTTLIP.  IO=COCSYS. 

ATTACH, CLOUTS, TD=COCSYS. 

PAUSF.  THF  INPUT  (TAPE1  01  IS  THE  T APE9  THAT  WAS  CREATED  IN  UATA3 
ATTACH, T4DE1 9 ,TAPE9,ID=TETAM. 

PAUSE.  TAPF  2 IS  THF  OUTPUT  THAT  WILL  GO  TO  THE  CALCOMP  PLOTTER 
VSN* TAPC?=SAVE.  TAPE  2 WILL  RE  PLOTTED 

PAUSE. L=pL0T4L, DEN  = PE,PI  = HOW, TN  = TFTAM,OS  = ATCACAMJOB  = UATOO  . 

REQUEST, TAPE2,NT,SV. 

LIBRAPY,?L0TLla,PLT^LI9. 

FTN, L=  0 . 

LGO. 

PAUSE.  TAPE  2 TO  PLdTTER**ll  INCH  PA»ER**3ALL  »OINT** 

PROGRAM  M APL  Of  ( INPUT,  0UTPUT,TA:»E2,  TAPE  10  , TA»E 1 = INPUT , TAPE31) 
LANGUAGE  ) FORTRAN  IV 


, © 


WHEN 

SIZE. 


DIMENSIONING  ARRAY  M,  THE  OIMENSIONS  MUST  MATCH  INPUT  ARRAY 


I ) 


DIMS  I NS  10 NS  X,  Y,  Z,  EQUAL  THE  TOTAL  WORDS  REQUIRED  FOR  ARRAY  M 
FOR  INSTANCE  IF  M(10,2n)  THFN  X(200>  OR  10*20  FOR  TOTAL  WORDS. 
ARRAYS  XX,  YY«  AND  ZZ  WILL  OR  THE  SAME  DIMENSIONS  AS  M. 

ALL  CARDS  THAT  HAVE  TO  BE  CHANGED  BY  THE  PROGRAMMER  FOR  EACH 
DIFFERENT  MAP  AREA  WILL  BE  SEPAR ATCD  BY  SLASHES  / t U // / /////// / / 7 

c //t/r/r/rf/rrrrr//rr////m///ffrrf/////tf////r//tr////f/r/fr/fr//ft/tt 

C7//77////7//////7 7////////////// 7/7 ///////////////// 77 7/77 77777 77 7/77 // 

c 

CARE  MJST  BE  TAKEN  TO  INSURF  THAT  THE 
RELATIONSHIP  E=DX*OELT A V ( LAST  PARAMETER 
IN  AXIS  CALL  I IS  TRUE. 


o 


>***********SPECTAL  NOTE************** 

THF  DIMENSION  OF  IBUF  IS  ARBITRARY • THERE 
IS  NO  GUARANTEE  THAT  IT  WILL  BE  SUFFICIENT 
TO  HOLD  ALL  PFN  COMMANDS.  THE  LENGTH 
RFQUIREO  IS  A FUNCTION  OF  THE  NUMBER  OF 

LINES  DRAWN  (IF  A FUNCTION  OF  THE 
INTERVAL  AND  THE  DIFFERENCE  BETWEEN 
ZMIN) • 


COUNTOUR 
COUNTOUR 
ZMAX  AND 


X , Y 
Z 

NR 

NC 

CNTRVL- 


*****  INPUT  PARAMETERS  ***** 

X ANO  Y PLOTTcR  COORDINATES (INCHES) 
? VALUES  OF  POINTS 
NUMBER  OF  ROWS  IN  X,  Y ANO  Z 
NUMBER  OS  COLUMNS  IN  X,  Y ANO  Z 
CONTOUR  INTFRVAL,  SAMf  UNITS  AS  7 


Or  POINTS 


*•*  MOTF , X,  Y ANO  Z MUST  MUST  BE  DIMENSIONED  NR, MC 
**•*.  T NTFRMAL  P AR4MFTroS  ***** 

DTFL  - SQUARr  OF  DISTANCE  FROM  EOGF  TO  FIRST  L#OrL , INCHrS 
LC  - MAXTMUM  length  of  COORDINATE  SAVr  STRINGS 
THr  0 THEN  SI  ON  OF  T H;  C0(I°UTNA1F  SAVE  STPINGS  IS  NOT 
CRITICAL.  WHEN  THE  VFCTOPS  APE  FULL,  THF  PROGRAM 
USrS  ALL  BUT  THC  LAS1  TWO  PAIPS  OF  C'JOROINATFS  IN 
XC  AND  YC  TO  DRAW  A PARTIAL  CONTOUR  LT‘|f.  TT  THEN 
TRANSFERS  THF  LAST  TWO  PAIRS  OF  COORDTN ATFS  TO  1HF 
FIRST  TWO  LOCATIONS  AND  FILLS  THE  XC  AND  YC  VECTORS 
AGAIN. 

XC « YC  - COORDINATE  SAVE  STPT’IGS,  DI“ENSIONFO  LC 


1 


C***  *•*  »r  **•«»»•'**  e*  ****  »*|  | O"  i/  ,V*  I All  CS 


A-T-H-? 


c. 


I o 


o 


o 


o 


n 


c 


c 

c 

e 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

e 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

r 


PTAS 


TNT  - 
TNTOVL  - 
ora 


1 

PO 


OF 

OLTA  - 


DTFl  - 
DX 

OXl  - 
OV 

OYL  - 


ALLOW 


E 

FLAO  - 


IS  POSITIVl 


HCL  - 


IBUE  Ulfll 
INC  - 


TTYP  - 
K 

KCNMAX  - 


KCNT  - 
KFH*  - 


»S 


KPD  - 
KS 


KSM 

KSN 


KSN31- 

•CSX 

KS1  - 
LC 


LCS  - 
LCSS 
LDR3T  - 
LGTH  - 
LS°ET 
L 7H 


L7L 

L7t  TH'JR 


M(S1,  *!l) 
NACL  - 


NC 

NCrN  - 


am  arbitrary  posimv3  number  Aonro  to  rue  < and  y 
HATf’rr.»S  TO  MAKF  ALL  '"NTPI^S  STRICTLY  POSITIVE. 

FLFVA  T ION  OF  TUT  CONTOUR  L T NT  DT TNG  OR AWN 
CONTOUR  INTCRCAL , S A *1 r UNITS  AS  7. 

SOUAV*  of  |)I STANCE  FROM  CONTOUR  START  TO  LAST  "EN 
5PACr  AVAILAOLr  FOR  CONTOUR  LAD3L  IN  X OIRrriION. 
SQUARE  OF  DISTANCE  FROM  CONTOUR  fno  TO  LAST  PEN  POSTT| 
OR  SCACF  AyAIL«BLF  FOR  CONTOUR  L AD; L IN  Y DIRECTION 
INCRFMENT  A0OEC  TO  ELEVATIONS  WWN  THEY  EXACTLY  EQUAL] 
DECISION  p A3 AMrTER 

SQUARE  OF  DISTANCE  F°OM  E35E  TO  FIRST  LABEL  IN  INCHt 
DUMMy  VAPIAOLE  USFD  TO  INITIALIZE  X-NATRIX  IN  MAIN  P 
SDACC  IN  X nlRFCTTON  BFTW'N  CONTOUR  LINE  AND  LAOEL 
OUMMY  VARIABLE  USED  TO  INITIALIZE  Y-MATRIX  IN  MAIN  P»| 
MINIMUM  DISTANCE  IN  Y DIRECTION  WHICH  WILL 
A CONTOUR  TO  OF  L ABFLcO. 

COMMON  va®iaole 

INDICATOR  VARIABLE t DETERMINES  WHETHER  CNT 
0*  NEGATIVF 

HEIGHT  IN  INCHES  OF  CHARACTERS  IN  LABEL. 

SHOULD  BE  MULTIPLE  OF  0.07. 

» STORAGE  LOCATION  FOR  PEN  POSITIONS 

VALUE  OF  THE  INCREMENT  t®PLIEO  TO  THE  SUBSCRIPT  OF  TH| 
AND  YC  VECTORS  WHEN  ORAWIN5  A CONTOUR  LINE. 

VALUE  WILL  PE  1 OR  -l. 

VARIABLE  ADDRESS  NAM3  IN  SUBROUTINE  CGTOUR. 

COUNTER  USrD  TO  TERMINF  DRAWING  OF  CONTOUR 
NUMB33  OF  CONTOUR  LINES  "EtWEEN  7FR0  AND  ZMAX.  USED 
A CEGISION  VARI AOLr  TO  TERMINATE  SUBROUTINE  CGTOUR. 
NUMBER  OF  CONTOUR  LINES  "ETWEES  ZERO  AND  Z^IN.  USED 
A COUNTER  TO  RECORD  THE  NUMBCR  OF  CONI  OUR  LINES  UHttwP 
INDICATOR  VARIABLE*  DETERMINES  WHETHER  A LAPFL  IS  RCQU 
FOR  A CONTOUR  LINE. 

INDICATOR  VARIABLE  THAT  CONTROLS  PEN  POSITION  IN  PLOT 
COUNTER  USED  WHEN  DETERMINING  THF  TRACE  OF  A CONTOUR 
LINE. 

INDICATES  WHETHER  SMOOTHING  IS  USED.  KSM.GT.O  IMPLIES 
A COUNTER  USED  AS  A DECISION  V4RI ABLE  IN  SUBROUTINE  C< 
EQUAL  TO  NUMBER  OF  ROWS  IN  X,Y,  AND  Z MULTIPLIED  BY  NU 
OF  COLUMNS  MINUS  ONr»  NRMNC-U9 
A COUNTER  USED  AS  A DECISION  VARIABLE 
EQUAL  TO  KSN  PLUS  ONE. 

AUXIILIARY  COUNTER  pS-D  DURIN3  SEARCH 
7 MATRIX. 

AUXTLLIARY  COUNTER  USED  DURING  SEARCH  OF  THE  EDGES 
OF  THE  Z M AT R IE. 

MACIMUM  LENGTH  OF  VECTOR  HOLDING  THF  COORDINATES  OF 
A CONTOUR  LINE  PRIOR  TO  DRAWING. 

DEFAULT  VALUE  FOP  LC  IN  SUBROUTINE  CGTOUR 
COUNTER  USED  AS  A SU"SCRI*»T  FOR  XC  AND  VC  VECTORS. 
VARIABLE  ADDRESS  NAME  TM  SUBROUTINE  CGTOUR. 

TOTAL  LENGTH  OF  X,Y,  AND  7 MALICES  |MR>MC» 

VARIABLE  ADDRESS  NAM"  IN  SUBROUTINE  CGTOUR. 

ADDITIONAL  SUBSCRIPT  USFD  10  INDICATE  THE  HIGHER  ELFVA 
USED  IN  INTERPOLATION 

ADDITIONAL  SUBSCRIPT  USFD  TO  INDICATE  THE  LOWER  ELEVAT 
IN  INTERPOLATION 

LZA-  VAPTABLE  USEO  AS  SUBSCRIPTS  FOR  THE  X.Y,  AND  7 M* 
WHFN  DETERMINING  THE  TF»AC3  OF  "A  CONTOUR  LINE. 

ORIGINAL  STORAGF  LOCATION  FOR  ELEVATION  INFORMATION 
DUMMY  VAPTABLE  FOR  VALUE  OF  NOL  WHEN  ARITHMETIC  OPT  PAT 
A IE  PFRFCRMPQ  ON  NOL. 

NJM0FR  OF  COLUMNS  INX.Y,  ANO  7 MATRICES. 

INDICATOR  VARIADLc«  POSITIVE  WHEN  THE  CONTOUR  LABEL  H* 
HPT  TT  ► N . 7-RD  OTHFPWTS1-. 


IN  SUBROUTIN 


OF  THE  INTETUOR 


I 


A-I-d-3 


^(KiiionononoonotioofloooooonooonooooortooooooooflnnooBoooortoooflOBonooon 


NCSF 

NOL 


NFNT  Y 


NETiH 

MET  AV 

NFTBH 

MrTPV 

ML 

NLC 

HP 

NTCL 

MX 

NX3 

NY 

NY 

SL 

TLAO 


AUX ILLIARY  INDICATOR  VARTA3LF  USED  TO  ASSIGN  VALUES  TO  Ml  NA 

- NUMBER  OE  DECIMAL  DIGITS  IN  LABELS.  NOL=-1  IMPLIES 
MO  DECIMAL  PO  T NT . NOL.LT.-l  tMPl  If  S A«S(NDl-ll 
DIGITS  TPUNCATFO  FROM  RIGHT 

- IMDTCATOP  VARIA8LE  DCTCRMINES  WHETHERIII  THE  CONTOUR  LINE 
TERMINATED  ON  ANEDGE. ?!  THE  CONTOUR  LINE  CLOSED  ON  ITSELE 
31  THE  XC  AND  YC  VECTOR  ARE  FULL 

- VARIABLE  AOORESS  NAME  IN  SUa^OUTINE  CGTOUR. 

- VARIABLE  AOORESS  NAmc  Jn  SUBROUTINE  CGTOUR. 

- VAPTABLE  AOORESS  MAME  IN  SUBROUTINE  CGTOUR. 

- VARIABLE  ADDRESS  NAMF  IN  SUBROUTINE  CGTOUR. 

- DEFAULT  VALUE  FOP  NLC  IN  SUBROUTINE  CGTOUR 
USED  TO  INDICATE  FREQUENCY  OE  CONTOUR  LABELING,  EVrRY  NLC. 
CONTOUR  IS  LABELED  IE  NOT  A POSITIVE  NUMBER.  NOL ABELS 
NUMBER  OE  ROMS  IN  X,Y,  AND  Z MATRICES. 

TNOICA  TOP  VARIABLE*  DETERMINES  THE 

NUM3ER  OF  SPACES  IN  A CONTOUR  LABEL • 

NUMBER  OE  ROMS  IN  X.T,  AND  Z MATRICES  (SAME  AS  NR I 
NUMBER  OE  ROMS  IN  X MINUS  3 (NR-3) 

- NUMBER  OE  COLUMNS  IN  X,Y,  ANO  2 MATRICES  (SAME  AS  NCI 
COMMON  VARIABLE 

- SQUARE  OE  MINIMUM  OISTANCE  BFTMEEN  LABELS 
DUMMY  VARIABLE  USED  TO  DETERMINE  A VALUE 


EOR  NTCL. 

WAVE  - SCALE  FACTOR  USED  TO  DETERMINE  “SMOOTHEO-  X-ANO  Y-COORDIN 

MCP  - WEIGHT  GIVEN  TO  CENTER  POINT  DURING  SMOOTHING. 

MTCP  - OFF AULT  VALUE  FOR  MC“  IN  SUBROUTINE  CGTOUR 

X (51*  31)  X-COOROINATES  OE  ELEVATION  IN  M OR  Z MATRIX 

XC  - THE  VECTOR  MHICH  HOLDS  THE  X COORDINATES  A CONTOUR  LINE 

PRIOR  TO  ORAMING. 

XL  - X COORDINATE  OF  LAST  °EN  POSITION 

XMAX  COMMON  VARIABLE 

YI51.81I  Y-COORDINATES  OF  ELEVATIONS  IN  M OR  Z MATRIX 
YC  - THE  VECTOR  WHICH  HOLOS  THE  T COORDINATES  OF  A CONTOUR  LUN 
PRIOR  TO  DRAWING. 

YL  - Y COORDINATE  OF  LAST  PFN  POSITION 

YMAX  COMMON  VARIABLE 

Z(G1,81>  STORAGE  LOCATION  FOR  ELEVATION  INFORMATION 

ZMAX  COMMON  VARIABLE 

ZMAX  - HIGHEST  ELEVATION  IN  Z MATRIX 

ZMIN  - LOWEST  ELEVATION  IN  Z MATRIX 

ZR  A COMPUTED  RATIO  USED  IN  INTERPOLATION 


•VALUES  ASSIGNED  TO  VARIABLE  AOORESSFS****** 

DURING  THE  SEARCH  PROCEDURE , ITYP  IS  ASSIGNED 
THE  FOLLOWING  VALUES  AT  THE  DESIGNATED  TIMES! 

380-WHEM  THE  PROGRAM  IS  SEARCHING  A COLUMN  FROM  BOTTOM  TO 
TOP  ( AT  THE  START  OR  MHf  N SEARCHING  T ME  INTERIOR 


OF  THE  Z MATRIX  ) . 

4S0-WHEN  THE  PROGRAM  Ic  SEARCHING  A ROM  cR0M 
LEFT  TO  RIGHT  ( ARROW  ?.  IN  THE  SFA0CH 
OIAGRAM  IN  THF  DOCUMENTATION  I. 

4SS-WHEN  THE  “ROGRAM  IE  SEARCHING  A COLUMN  FROM  HA 

TOP  TO  BOTTOM  ( ARROW  3 IN  SEARCH  OIAGRAM  HA 

IN  THE  DOCUMENTATION  I.  HA 

41 0-WHEN  THE  PROGRAM  IS  SEARCHING  A POM  FROM  HA 

RIGHT  TO  LEFT  ( ARROW  4 IN  THE  SEARCH  01  AGFA  M HA 

IN  THE  DOCUMENTATION  I.  HA 

DURING  THE  SEARCH  »ROCrt'URr,  NFTAV  IS  ASSIGNED  HA 

THE  TOLL  OWING  VAlUrS  AT  THC  TTMES  3CSIGNATrD(  HA 

3AD-MHFM  THE  PROGRAM  IS  SEARCHING  THr  DOR 01 R PA 

OF  THF  7 MATPTX.  Mi 
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3*5- WHEN  THF  PROGRAM  IS  ^E ARCHING  THE  TNTERTDR 
OF  THC  Z MAT®IX. 

DURING  IMF  Sr  A®CM  PROCEDURE,  NET  AM  IS  ASSI3NEO 
THr  FOLLOWING  VALUES  AT  THF  TINES  DESIGNATED* 

' 410-WHFN  THE  PROGRAM  IS  SEARCHING  THE  BORDER 
OF  THE  2 MATRIX. 

41S-WHFN  THE  PROGRAM  IS  SEARCHING  THE  INTERIOR 
OF  THE  Z MATRIX. 

DURING  THE  SEARCH  “POCFOURE,  NFTOV  IS  ASSIGNED 
THE  FOLLOWING  VALUES  AT  THC  TIMES  DESIGNATED I 
4ES-WHFN  THE  PROGRAM  IS  SEARCHING  THF  BORDER 
OF  THE  Z MATRIX. 

460-WHEN  THE  PROGRAM  IS  SEARCHING  THE  INTERIOR 
DF  THE  Z MATRIX. 

DURING  THE  SEARCH  PROCEDURE.  Nft**H  IS  ASSIGNED 
THE  FOLLOWING  VALUES  AT  THE  TIMES  DESIGNATED! 

480-WHEN  THE  PROGRAM  IS  SEARCHUNG  THF  BORDER 

of'the  z matrix. 

48S-WHEN  THE  PROGRAM  IS  SEARCHING  THE  INTERIOR 
OF  THE  2 MATRIX. 

DURING  THE  SEARCH  PROCEDURE,  LSRET  IS  ASSIGNED 
THE  FOLLOWING  VALUrS  AT  THE  TIMES  DESIGNATED! 

220-WHEN  THE  PROGRAM  IS  SEARCHING  A OOROER 

COLUMN  FROM  BOTTOM  TO  TO®  ( ARROW  1 IN  THE 
SEARCH  DIAGRAM  IN  THE  DOCUMENTATION  >. 

240-WHEN  THE  PROGPAM  IS  SEARCHING  A ROW  FRDM  LEFT 
TO  RIGHT  t ARROW  2 IN  THE  SEARCH  DIAGRAM 
IN  THE  OOCUMFNTATION  ) . 

2f,0-WHEN  THE  PROGRAM  IS  SEARCHING  A COLUMN  FROM 
TOP  TO  BOTTOM  ( ARPOW  3 IN  THE  SEARCH  DIAGRAM 
TN  THE  OOCUMFNTATION  , 

280-WHEN  THE  PROGRAM  IS  SEARCHING  A ROW  FROM 

RIGHT  TO  LEFT  ( ARROW  4 IN  THE  SFARCH  DIAGRAM 
TN  THE  OOCUMFNTATION  I. 

305-WHEN  THE  PROGRAM  IS  SEARCHING  THE  INTERIOR 
OF  THE  Z MATRIX. 

DURING  THE  DETERMINATION  Or  THE  TRACE  OF  A CONTOUR 
LINE  < AS  THE  XC  AND  YC  VECTORS  ARE  BEING  fjlLEO  ) , 

LDREI  IS  ASSIGNED  THE  FOLLOWING  VALUES  AT  THE 
TIMES  DESIGNATED! 

39S-WHEN  THF  CONTOUR  LINE  ENTFOS  a TYPE  A TRIANGLE 
OX  THE  VERTICAL  SIDE  ( AN  ARROW  TANGENT 
TO  THE  CONTOUR  LINE  IS  HORIZONTAL,  POINTING 
TO  THE  RTGHT  >. 

420-WHEN  THE  CONTOUR  LTN'f  ENTERS  A TYPE  A TRIANGLE 
ON  THE  HORIZONTAL  'IDE  ( AN  ARROW  TANGENT 
TO  THE  CONTOUR  LT  IS  VERTICAL,  POINTING  UP  ). 

440-WHEN  THE  CONTOUR  LIHF  .'TEPS  A TY®E  A TRIANGLE 
ON  THE  DIAGONAL  ( AN  A'  OW  TANGENT  TO  THE 
CONTOUR  LINE  IS  POINTING  TO  THE  LOWER  LEFT  >. 

465-WHEN  THE  CONTOUR  LINE  ENTERS  A TYPC  O TRIANGLE 
ON  THE  VERTICAL  ^IOE  C AN  ARROW  TANGFNT  TOx 
THE  CONTOUR  LINF,  IS  HORIZONTAL,  POINTING  TO*‘THE  LEFT  ). 
4O0-WHE.N  THF  CONTOUR  LINE  ENTERS  A TYPE  8 T®  I ANGLE 
ON  THE  HORIZONTAL  SIDr  ( AN  ARROW  T ANGrNT 
TO  THE  CONTOUR  LINE  IS  VERTICAL,  POINTING 
DOWN  I. 

Sll-WHEN  THF  CONTOUR  LINE  FNTFRS  A TYPE  R TRIANGLE 
ON  THr  DIAGONAL  < AN  ARROW  TANGENT  TO  THE 
CONTOUR  LIVE  IS  POINTING  TO  THE  UP®ER  RICH!  ). 
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C 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

F NT  RY 

C//7////////////////////////////// /////////////////////////////// //////✓ 
DIMENSION  X(21100),Y(21 100), 7(211001, XC (130), YC (100), I3UF( 10001 , 

* 130  < 3) 

C///// ///////// ////////////////////// r/ / f ////// f // f ////// r /////// t ///// r 

EQUIVALENCE  (X,XX>,  (Y,YY),  (7,ZZ) 

C THIS  CARD  READS  THE  SCALE  FACTIR  AND  X 

C EX  SCALE  =.00199  INCHES  TO  ONc  METER  flNO  X 
RE  AO  (1,1)  SCALE, XL, YL 
REAO(l.Z)  F,NC,NR,CNTRVL,I30 
7 F0»MAT(E4.1,2I4,F5. 1.3A10) 

PRINT  9,E,NC,MR,CMTRVL,I30 
9 EORMAT(1X,FS.1,?I4,E6.1,3A10> 

NUMZ  = NC  * NR 
DO  8 TZ  = 1,  NUMZ 
RE  AD ( 10 , 8 453 ) M 
Z C 17)  = M 
8453  FORMAT  (15) 

6 CONTINUE 

CALL  PLOTS  (IBUF, 1000,2) 

1 FORMAT  (F8.7,2F6.0) 

XD=XL*SCALE 

YO=YL*SCALE 

CALL  °LOT  (0. 0, 2. 0,-3) 

CALL  PLOT  (XD, 0.0,2) 

CALL  PLOT  (XO.YD,?) 

CALL  PLOT  (0.0,YD,2) 

CALL  PLOT  (0.0, 0.0, 2) 

II  = XL/100n.H. 

JJ=YL/10n0.*l. 

XDO=xn».l 
YOO=YO».l 
OO  2 1=1,11 
J=T-1 

ENCODE  (10, 3, L)  J 

3 FOPMar  (12) 

XI=J*SCALC*1000.  * 

CALL  TYM30L  (XI , - .5 , . 21 . L , 0 . 0 , 2) 

CALL  SYMBOL  ( XI , YPO , . 21 , L , 0 . 0 , 2) 

2 CONTINUE 

DO  4 1=1, J) 

J = T-1 

ENCODE  (10, 3, L)  J * 

YI=J*SCAL"*1000. 

CALL  SYM90L  ( - . 55 ,Y I , . 21 , L , 0 . " , 2) 

CALL  SYMBOL  < XDO, VI , . 21 , L , 0 . 0 , ?) 

4 CONTINUE 
I T * T I — 2 
JJ=J J-2 

CALL  SYMBOL (2,, -1.4, .42, IT 0,0. ,70> 

DO  G T=l,JJ 
n=T*SrALE*l00O. 

PALL  PLOT  (0.0, 0,3) 

CM  I PI  or  (YD, ().•*) 
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5 continue 

00  4 I ~ 1 . T I 
D=7*SCALE-10nn. 

CALL  PLOT  (n, 0.0, 31 
CALL  PLOT  ( 0 , Y 0 , 2 ) 

6 CONTINUE 

60  CONTINUE 

C 

C DX  IN  THIS  DO  LOOP  IN  THE  IMC>EASr  IN  THE 

C X COOROIN  ATE  DETWf rN  SUCCESSIVE  COLUMNS 

C IN  the  ELEVATION  MATRIX.  OX  IS  RELATED 

C TO  THr  NUMBER  OF  COLUMN'"  IN  THE  X.Y.AND 

C Z MATRICES  ANO  THE  LENGTH  OF  THr  X AXIS 

C BY  THE  EQUALITY  : DX  * { NO  1 ) =LEMG  TH  OF  AXTS. 

C THE  ACTUAL  GROUND  DISTANCE  RF°RFSf-NTr  D 

C BY  OX  IS  r0UAL  TO  OX»LAST  “ARAMETFR  IN 

C AXIS  CALL.  X IS  INITIALIZED  SUCH  THAT 

C X IT, J)  = 0X*IJ-1> . DY  IS  TH*"  INCREASE  IN 

C the  Y COORDINATE  BETWEEN  SUCCESSIVE  ROWS 

C IN  THE  ELEVATION  M A T5 1 X . THE  RELATION! 

C DYMNR-1)  =LENGTH  OF  Y AXIS  MUST  HOLD. 

C THE  GROUND  DISTANCE  REPRESENTED  BY  0Y= 

C DY’LAST  PARAMETER  IN  Y AXIS  CALL.  AFTER 

C BEING  INITIALIZED,  Y ( I , J) =OY * ( I -1 ) . 

C 

dx=d. o 

C//7/7/77/7/7/7//7//7Z7Z777/7/7/77777///77/7//777777Z7777777/7/7//Z7/7/7 
DO  40  J=1 ,NC  - 

C zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz/zzzz/zzzzzzzzzzzzzzzzzzzzz/zz/zzzzzz/z 
DV=0.0 

C 7/7/7 7/77777/7 7/7 777/7Z7777///////7///777/777/7777Z77777/7//7/7/7/7///7 
DO  30  1=1, NR 

c///////////////'///////////////////////////////////////////////7/////// 
I J = CJ-1  ) *NR  + I 
X ( I J ) = OX 
YCTJ)  = 3 Y 

c ////////////// ///////////////////////////////////////////////////////// 

DY=DYfSCALE*F 

C /////// /////////////////////$//////////////////////////////////// ////// 

30  CONTINUE 

c ///////////////////////////////////////////////////////////////// ////// 

D Y=DX  +SC A L -¥  E 

c /////////////////////////////////////////////////////////////////////// 

4n  CONTINUE 

CALL  °LOT CO. 0, 0.0,3) 

C /////////////////////////  v /////// /////// /////// ////////////////////// 
LC  = 10  0 
NL  = 5 
LCs=ino 
WTC°=  2 , n 
DYL=. 1Z 
NLC  = 5 
N 0 L = - 1 
HCL=. 07 
SL--30. 

KS'.=  1 

xl  = o . n 

YL=0 . P 

C ////////// //////////////// /////////////////////////////////////// ////// 
DATA  DI A S ZG  . 0 7 , L C / 1 0 0 Z , OT  TL  / 0 . 7r-Z 

C IF  THIS  ent^Y  IS  NOT  CAl LrD  PRIOR  TO  CALLING  rGT0UR,  THF  ^ ARAUFTERS 
C DEFAULT  TO  VALUES  WHICH  WILL  RROO'ICc  RF^LUIS  COMPATIBLE  WITH 

C THE  PREVIOUS  VRSTOri  OF  CGTOU?  (NO  LABELS  OR  SMOOTHING) 

C IT  IS  IMPORTANT  f HI  OLTA  BE  S"ALL  COMPARED 

C . to  cntovi  . when  an  fnicrnti  ts  exactc  y rojAc 
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to  a decision  vARiADLr.  oita  is  aooeo  to  tm- 

F.LFVATION.  IT  IS  NECFSSARY  TO  KCEP  THE  ERROR 
INVOLVED  IS  THIS  PROCESS  AS  SHALL  AS  POSSIBLE . 

THE  VALUE  0.01  IS  ARBITARY. 

DLTA=CNTRVL*0. 01 
WAVE3  1.0/  (WTCP«-2.0» 

COMPUTE  ADDRESSING  CONSTANTS 

KPO=? 

NX  = NR 
NY=flC 

LGTH=NX*NY 

NX3=NX-3 
KSN=N** (SY-1» 

KSNP1 -KSN  *1 

FIND  SI  HI  HUH  AND  MAXIMUM  7 VALUES 

zmin=zci> 

ZMAX  = 7»H 

NOTE  THAT  WHEN  BIAS  IS  ADDED  TO  X ASO  Y,  BOTH  VECTORS 
BECOME  STRICTLY  POSITIVE. 

xm=x<l»  ♦BIAS 
rm  = rm  +oias 

II  DO  135  1=  2 » LG TH 

x m=xm  ♦bias 

Y(TT-Y(T1 »3I as 
IF  (7MIN-7(II>  125,135,120 

ZHIN=7 (I) 

. GO  TO  135 

IF  fZMAX-ZCIJ)  130,135,135 

ZM AX=  7 L 1 1 

CONTINUE 

KCNSAX  IS  THE  NUMBER  OF  CONTOUR  LTNES  BETWECN  7RRO  ANO 
ZMAX.  THIS  VALUE  WILL  PE  USED  AS  A_OtrCISTOW  VARIABLE 
TO  TERMINATE  THIS  SUBROUTINE. 

KCNHAX=IFIXfZHAX/CNTRVL> 


KENT  IS  THE  MUMPER  OF  CONTOUR  LINES  BETWEEN  ZERO 
ANO  ZMIN.  THIS  VALUE  WILL  OE  USED  TO  KEEP  TRACK 
OF  Twr  NUMBER  OF  CONTOUR  LINES  DRAWN.  NOTE  THAT  BOTH 
KCNT  AND  KCNMAX  "AY  Bc  NEGATIVE. 

PRINT  137, ZMAX, 7MIN 

FORMAT  (1 Y,2F5. 0, 13H7MAX  ANO  ZMTN> 

KCNT=ICIX (ZMIN/CMTRVL)  v 

if  <7"IN. GT.n.rn  kcnt=kcnt*i  ***v- 

16  CMT=clOAT CKCNTJ *CNT?VL 


CHECn  FOR  NO  CONTOURS 

IF  (KCNMA  X-KCNT  ) 140,145,145 

10  PRINT  141 

11  FORMAT  < 1 X,57M  r1c’Ol’.  CALCULATIONS  SHOW  THAT  KCNMAX  IS  LESS  THAN 
• KCNT . t 

GO  TO  20G 

KF "R- KCNT -(KENT /ML » «NL 


NOTE  l'U  A r A VALUE  FOR  A VARTA”Lr  TN  f.GT  L An  MUST  BE 
AVATIft'MF  rflP  Tltr'-'  CA»  CHI  ATTO  J.  Nt.NF.NIC  ONI  Y TF  MO 
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c 

c 


LABELING  TS  DESIRED. 
IF(NL.NE.NLC)  GO  TO  205 


0 

IF  (KFMPI  205,150,205 

c 

c 

CHEEK  FOR  LABEL  REQUEST 

c 

c 

150 

rasi 

IF  (N  nL ♦ 1 > 105,165,1/0 

155 

NTCL= 1 

0 

NACi_=NDL 
FL  A3  = CNT 

150 

FLAB=ELAB*0.1 

0 

N ACL  = NA  CL  * 1 

IF  (NACL*1>  160,180,100 

165 

NTCL= 1 

G 

GO  TO  175 

. 

170 

NTCL  = NrK*2 

G 

175 

NACL=NBL 

FLAB=CNT 

180 

TLAB=A9S(FLAB) 

NTCLX=NTCL 

G 

DO  105  NTCL=NTCLX, 32767 

IF  (TLAB-10.)  190,185,185 

185 

TLAO=TL AB*0. 1 

• 

190 

IF  ( FLA  01  195 ,200,200 

195 

r 

NTCL=NTCLH 

G 

w 

C 

r 

labfl  space  in  y direction 

i ~ 

u 

200 

DXL=FL0AT (NTCL) *HCL+0 .10 

C 

c**< 

t 

205 

ASSIGN  380  TO  NETAV 

ASSIGN  410  TO  NFTAH 

5 0 

ASSIGN  455  TO  NETRV 

ASSIGN  480  TO  NFTRH 

- o 

C 

C 

SCAN  COLUMN  1 FnGE , TYPF  A TRIANGLE,  VERTICAL  SIDE 

; 

c 

THE  PROGRAM  IS  SEARCHING  THE  LEFT  HANO  BORDER. 

• ! o 

c 

ASSIGN  220  TO  L SRE T 

i ' 

ASSIGN  380  TO  ITYP 

*■ 

j i O 

KS  = 1 

c 

i 

c 

BOTH  X AND  Y CAIRICES  WpRE  MADE  STRICTLY 

; ° 

c 

POSITIVE  ”Y  T Hc  AOOITTON  OF  BIAS.  AN  X 

c 

ELcMENT  CAN  BE  MEGA  T x V 1 BNLY  IT  THr 

> 

c 

PROGRAM  HAS  MADE  IT  NEGAT"’  10  INDICATE 

* 

- <>v 

c 

THAT  A CONTOUR  LINE  BEING  D AWN  HAS 

r' 

c 

AL°r AOY  PASSER  THROUGH  THAT  'l U A R T , 

c 

THIS  TYPE  OF  TEST  IS  PEPEORMED  AT  SEVERAL 

f* 

** 

ROTNTS  IN  THE  PROGRAM , 

i 

c 

210 

IF  (X(KS»)  220,215,715 

r. 

; - 

215 

L 71  = KS 

L77-KSH 
GO  TO  335 

220 

KS  = '<SH 

i C 

221  IF  (Kr-^r>  2inf??*59^?5 

r 

V/ 

c 

SCAN  ROW  NX  EOOr,  T Y” r B TRIANGl.1*,  HORIZONTAL  SIDE 

1 c 

c 

THr  PROGRAM  IS  SEAPPHTNG  THE  TOR  "ORBER. 

I 4- 

l# 

225 

ASSIGN  ? 4 0 TO  LSRET 

V 

ASSIGN  i TO  ITYP 

i 

2*0 

TF  IY  <K*.1  1 740.  ? 15.  *»  7 <\ 

‘LABEL  SET  IP 


K 

M 

: 

*1 

H 

H 

"I 

* 

H 

M 

M 

H 

r 

; 

* 

V 

* 

y 

> 

*L  i 

f 

1 

> 

► 

I 

» 

K 

I 
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i 


i 
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c 


235  LZ1=KS 

LZ2=KS»NX 
GO  TO  335 
240  KS=K3*NX 

IF  IKS-LGTHI  330,245,245 
C 

C SCAN  COLUMN  NY  EDGE.  TYPE  0 TRIANGLE,  VFRTTCAL  SIDE 
C THE  PROGRAM  IS  Sc ARCHING  THC  RIGHT  HAND  BORDER. 

C 

245  ASSIGN  260  TO  LSRET 
ASSIGN  455  TO  ITYP 
250  KS1  = KS-NX 

IF  (YCKSl))  260,255,255 
255  L Z1  = KS- 1 

LZ2=KS 
GO  TO  335 
260  KS=KS-1  . 

IF  (KS-KSNP1)  265,265,250 
C 

C SCAN  ROW  1 FOGE,  TYPE  A TRIANGLE,  HORIZONTAL  SIDE 

C THE  PROGRAM  IS  SEARCHING  THF  BOTTOM  BORDER. 

C 

265  ASSIGN  280  TO  LSRET 
ASSIGN  410  TO  ITYP 
270  LZ1=<S-NX 

IF  IXILZIII  280,275,275 
275  L Z2=KS 

GO  TO  335 
280  KS=K3-NX 

IF  (KS-1)  285,285,270 

C ...... 

C SCAN  INTERIOR  REGION,  TYPE  A TRIANGLE,  VERTICAL  SIDE 
C THE  PROGRAM  WILL  NOW  SEARCH  THE  COLUMNS  FROM 

C BOTTOM  TO  TOP  AND  FROM  LEFT  TO  RIGHT. 

C 

285  ASSIGN  385  TO  NETAV 
ASSIGN  415  TO  NFTAH 
ASSIGN  460  TO  NETBV 
ASSIGN  485  TO  NET8H 
ASSIGN  305  TO  LSRET 
ASSIGN  .38  0 TO  ITYP 
KS=NX»2 

200  KSX=KS*NX3 

295  IF  CX(KSI>  305,300,300 

300  L71=KS 

LZ2=KS*1 
GO  TO  335 
305  KS=KS*1 

IF  (KS-KSX)  395,310.310 
310  KS^KSXfl 

IF  (KS-KSNI  290,390.315 
C 

C CONTOUR  COMPLFTF,  RES^T  CONTOUR  TRACE  -LAGS 

c 

315  00  3’0  T= 1 , LGTM 

X(I)-ABS»X(I)I 
330  vm  = Af3s»vm) 

c 

C CHr  CK  FOR  NEXT  CONTOUR 

c 

CNT  = CNT*r.NTRVL 

321  KCNT  -KCN''  »1 

322  IF  (KCN3-  XCNMAX)  145, 145, 3?r 
C 

C RESTORE  INPUT  X ANO  Y ARRAYS  PFFORf  RETURN 

r. 


* 
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HA 

MA 

HA 

IMITAL  CROSSING  SCAN  HA 

HA 

HA 

HA 

HA 

HA 

HA 

HA 

HA 

HA 

H6 


CIO  530  T=  l , LOTH 
X(t1=X(I>  -3IAS 
y (i)  = v( i ) -'HA*; 
Gn  TO  206 


INITIAL  CROSSING  SCAN 

COMP  A o^S  CL'-V  AT  I ON  AT  L71  TO  THAT  AT  177  ANO 
ASSIGNS  INDEX  OF  17H  TO  THF  HIGHER,  L7L  TO 
THE  LOWER. 


JF  (Z(L71 >-Z (LZ?)  ) 
7 (LZ1)=Z(L71) +OLTA 
GO  TO  335 
L 7H  = L 71 
L7L=LZ? 

GO  TO  550 
L ZL  =L  71 
LZH=LZ2 


COMPARES  HIGHER  ELEVATION  TO  CONTOUR  LINE  9ETNG 
ORAWY.  IF  HTGHtR  ELEVATTON  IS  LESS  THAN  THF 
CONTOUR  LINE  BEING  ORAWN,  THF  PROGRAM  GOES  TO 
THE  NRXT  POINT. 


IF  (CNT-7  ILZH) ) 370,360,365 
7 <LZH)=Z ( LZH>  +DLT A 
GO  TO  355 

GO  TO  LSRPT,  (220,240, 250,230,3055 


TOMOARES  LOWER  ELEVATION  TO  CONTOUR  LINE  BEING 
ORAWN.  IF  LOWER  ELEVATION  IS  GREATER  ! HAN  CJNlOUR 
L INF  Oc IN G DRAWN,  THE  OROGRAH  GOES  TO  THE  NEXT 
POINT.  I F LOWER  FLEVAHOM  IS  LESS,  THE  PROGRAM 
STARTS  TO  TRACF  A CONTOUR  LTMr. 


370  IP  (Z(LZL)-CNTI  525,3*5,365 
375  7(LZL)=Z(LZL)+0LTA 
GO  TO  370 

£*»»*»*»»r*****¥*»»**«» * r ****************  * 

C ENTFP  TRIANGLE  TYPE  A ON  VCRTICAL  STOE 


CONTOUR  TRACIN 


I p (LZl-KSN)  390,560,550 
TF  ( X (L  7 1 ) ) 565, *90 ,3  99 


LZ3  BECOMES  THE  POINT 'TO  THE  RI GHT  OF  LZ1. 

THAT  AS  WHY  KSH  IS  USE  ' T 0 M T N A TE  THE 

PROCESS  IN  LTNF  3«0.  IF  ; Tif  WrRr  UScO,  THERE 
WOULONRT  ,9F.  A POTNT  TO  THE  ' IGH  T Or  L71. 


390  LZ3=  L71 tNX 

ASST  Gk’  335  TO  Lr’RET 
GO  TO  530 


THF  PROGRAM  IS  INDICATING  THAT  THr 
CONTOUR  L TNC  HAS  PASSED  THROUGH  * 

PART  I r UL  A p SOU  A EE  , THI*:  FLAG  WILL  BP 
USPI)  TO  T'RMINATP  THE  toaCE  Or  A CONTOUR 
LINE  IP  TT  CLOSES  ON  ITSFLF,  DOTH  Y AND 
Y VALUES  ARP  MARKED  T’JTS  NAY  AT  SEVERAL 
POT  NTS  IN  THE  PROGRAM. 


X (L  71 > = -X  fL71 1 
IF  (LZ4-L71T  400,40 

L 7 1 = L 7 ? 

I Z^l  73 


■■ 


GO  TO  50^ 

405  LZ?=LZ3 

50  TO  NFT9H,  (450.405) 

C 

C ENTER  TRIANGLF  TYPE  A ON  HORIZONTAL  SIOF 
C TESTS  TO  SEE  IF  YOU  HAVF  COMPLETED  A COLUMN. 

C MOOfLZl .NX) =0  IF  THE  ANSWER  IS  YES. 

C 

410  IF  (MOD(L71,NXn  415,560,415 
415  LZ3=L7H-1 

ASSIGN  4?  0 TO  L DRFT 
GO  TO  530 

420  XtLZl )s-X(LZl) 

IF  (LZ4-L71T  430,425,430 

425  LZ?=L73 

GO  TO  NET 9V,  (455.460) 

430  L71=LZ3 

GO  TO  505 

C 

C ENTER  TRIANGLE  TYPE  A ON  DIAGONAL  SIDE 
C 

435  LZ3  = L 71 -1  • 

ASSIGN  440  TO  LORET 
GO  TO  530 

440  X (LZ3 ) =-X  ( LZ3> 

IF  (LZ4-L71)  450,445,450 
445  LZ2=LZ1 
LZ1=LZ3 

GO  TO  NET  nv,  (455,460) 

450  LZ1  = L 73 

GO  TO  NPTRH,  (480,435) 

C 

C ENTEP.  TRIANGLE  TYPE  B ON  VERTICAL  SIDE 
C 

455  IF  (L71-NXT  560,560,460 

460  LZ3  =L72 -N  X 

ASSIGN  465  TO  L DRFT 
GO  TO  530 

465  Y (LZ3)=-Y  (LZ3) 

IF  (L74-LZ1)  475,470,475 
470  L72=L71 

L71=L73 
GO  TO  435 
475  L Z 1 = L 73 

GO  TO  NETAH,  (410,415) 

C 

C ENTER  T RI ANGLF  TYPE  B ON  HORIZONTAL  SIOF 
C 

4»0  IF  ( MOD (L  71 , NXI -1)  435,560,435 
435  L73=LZ2-1 

ASSIGN  4 9 0 TO  LORFT 
GO  TO  570 

490  Y(L71)=-Y  (L71) 

IF  ( L 74 -L  7 1 ) 5 0 0,495,50  0 

495  L 7?  = L 7 3 

GO  TO  4 05 
530  L 7 1 “ L 7 3 

GO  10  N’TAV.  (300,336) 

C 

C CN1  C.R  TRIANGLE  TYPE  .9  ON  0JAG9NAL  STDF 
C 

506  I 73- L 72  t- 1 

ASSIGN  Sin  JO  LORET 
GO  TO  6*0 

510  Y ( I.  7 1 ) “ - Y ( l.  7 1 ) 

ir  II  74-1  71  ) 470.61  4.5»r 
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L2?= L73  li 

GO  TO  Nr  T AH  , (410,415)  H 

L 7 1 = L 7 2 M 

L Z2  = L Z 3 M 

GO  TO  NETAV,  (330,335)  M 

iumumkmmimmm  contou^  INTERPOLATING  H 

CONTOUR  SFGTNNING  INTERPOLATION  N 

T Hc  INTERPOLATION  I1;  SASFO  ON  TWf  ASSUMPTION  M 

OF  A LINER  RELATIONSHIP  OETWFFN  X A NO  Z AND  M 

V AND  Z.  7P  IS  IHF  PATIO  Or  THc  01 FF  rP?.NOF  H 

IN  ELEVATION  PFTWFFN  LZH  AMO  TNT  "NO  t ZL  ANO  M, 

LZH.  THIS  PATIO  IS  USEO  TO  ADJUST  TH F M, 

COORDINATES  OF  LZH  TO  REPRESENT  THE  COORDINATES  M, 

OF  THr  CONTOUR  LIME.  Hi 


525  ZR=(CNT-Z  (LZH))/(Z(LZL)-Z  (LZHM  MA 

C MA 

C REMEMBER  THAT  SI  AS  WAS  ADDrP  TO  ALL  X AND  Y HA 

C ELEMENTS.  THIS  MUST  BE  SUBTRACTED  TO  GET  A MA 

C CORRECT  VALUE  FOR  THE  CONTOUR  COORDINATES.  MA 

C MA 

xcm  = A3S  (X  ( L7H ) ) + ( AOS  C X (L ZL  > > - A8S  ( X ( LZH1  ) l * ZR-8I AS  MA 

YC  <11  =ABS  (Y(LZH))  +1  A9S(Y(LZD) -ASS (Y (LZH) ) ) *ZR-BI AS  MA 

LCSS=1  MA 

NCSE=n  MA 

NC0N=  0 MA 

GO  TO  T TY  ° , (380, 450,455, 410)  MA 

C MA 

C CONTOUR  TRACE  INTERPOLATING  MA 

C MA 

530  IF  (Z(LZT)-CNT)  540,535,545  MA 

535  Z <LZ3) =7 (LZ3) +OLTA  HAt 

GO  TO  5.3  0 MA‘ 

540  LZ4=  LZH  MA, 

L?L=LZ3  MAi 

GO  TO  55Q  MAI 

545  L Z 4=L  ZL  MA 

L ZH  = L 73  MAj 

550  LCSS  = LCSSM  MA 

ZR=(CNT-Z(LZ3))/(7(L74)-7(L73))  MA 

XC(LCSS) =6SS (X (LZ3) ) * ( APS (X (LZ4)) -ADS (X (L73) ) ) *ZR-BIAS  MA 

YC (LOSS)  = ADS (Y(LZ7> )*  ( AGS < Y (L 74 ) ) - A 33 ( Y ( LZ3 ) > ) * ZR -91 A S MA 

TF  (LCSS-LC)  555,570,5’0  MA 

555  GO  TO  LO?cT,  (3P5, 420, 440, 465, 490, 510)  MA 

£**»»*  ,,  »*  * ***  a>  , ,*  * ,»,,*,»**»*,**,»,,♦*.*  * »,  , CONTOUR  TERMINATING  MA 

C CONTOUR  TERMINATES  ON  EDGE  OF  GRID  MA 

C MA 

560  NENTY=- 1 MA 

GO  TO  575  MA 

C MA 

C CONTOUR  TERMINATES  AT  CONTOUR  BEGINNING  MA 

C MA 

565  NFNTY  = NCSF  MA 

GO  TO  5 75  MA 

C MA 

C CONTOUR  COORDINATE  SAVE  STRINGS  FULL  MA 

C MA 

570  NENT Y=1  MA 

NCSE  = -1  MA 

575  IF  (LCSS-LCS)  590,593,5*0  MA 

C MA 

C CQDPOIN ATE  SMOOTHING  MA 

C MA 

530  00  535  1 = 3, LC  3S  MA 

xr (T-l) =( XC(I-2) *WTCP*Xr (1-1) FXC(3) )»WAVF  MA 

53S.  YC  f T- M s ( VC  | T-9)  « WTPP  * YP  I T-  1 » » VP  ( T 1 » * VA  Vr  MA, 
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590  IF  t NFNT Y ) 605,595,60" 

C 

C CLOSED  LOOP,  SMOOTH  POINT  OF  CLOSURE 
C 

595  XC(1)=(XC  CLCSS-l>+WTCP*yC(i)+XC(2>>  *WAVE 

YC  (1 ) = ( YC  (LOSS- l ) *WTCP*YC(1)»-YS  (2)>  *WAVE 
XC(LCSS)=XC(1> 

YC(LCSS) = YC (1) 

GO  TO  610  , 

c 

C COOROTNATE  save  STRINGS  FULL 
600  LCSS=  LCSS -1 

GO  TO  610 
C 

C TERMINATED  ON  EOGE  OF  GRID,  FIND  END  NEAREST  LAST  “EN  POSITION  * 

C 

605  D8=(xrm  -XU  **2+(YC(l)  -YL»**2 

DE=(XC(LCSS> -XL) **2MYC(LCSS) -YL) **2 
IF  (09-0E)  610,610,615 

c 

C PEN  IS  CLOSER  TO  START  OF  CONTOUR  LINE.  START 

C AT  XCm.YCti)  AND  GO  TO  XC(LCSS)  ,YC(LCSS)  . 

c 

610  1=1 

K=LCSS 
INC=1 
GO  TO  620 
C 

C PEN  IS  CLOSER  TO  END  OF  CONTOUR  LINE.  START 

C AT  XC(LCSS) , YC(LCSS)  ANO  GO  TO  YC(ll.YCIll 

c 

615  I=LCSS 
K=1 

I NC=- 1 


►CONTOUR  PLOTTING 


C BEGINNING  OF  PLOTTING 

C 

620  CALL  PLOT  (XC ( I ) , VC  II) , 3) 

C 

C IF  KEMP=0,  A LADEL  IS  REQUIRED  cOR  THIS  CONTOUR 
C LINE. 

C 

621  IF  (KEM“)  625,630,625 
C 

C UNLABELEO  CONTOUR 
C 

625  I=I*INC 

CALL  PLOT  (XC(I),YC(I),KPD) 

IF  (I-K)  625,710,625 
C 

C LABELED  CONTOUR 
C 

610  IF  (N'-ON)  695,636,695 
635  XL=XC(T) 

YL=Y':CI) 

640  I = T»  I NC  ’ 

CALL  PLOT  (XC ( I ) , YC ( T) , Ko0) 

IF  (I-K)  64 5, 710,655 
C 

C T Hc  PROGRAM  is  EHTCKING  TO  SEE  IF  THE  PEN  IS 
C FA®  ENOUGH  AWAY  FROM  Tlir  TOGE  TO  WRITT  A 

C LADEL.  IT  NOT,  IT  WILL  C°AW  ANOTHER  SEGMENT 

C ANO  TTSV  AGAIN. 

C 

645  IF  ((XC'I  >-XL>**?<  (YC  (t)-YD»*?-DTFD  640,650,650 

r 
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i 

I 

c 

LABEL  SPACE  SCAN 

H-' 

' t 

. v‘ 

c 

Hi 

1 

650 

XL=XC(I> 

Hi 

1 

YL=YC(I) 

HI 

c 

NCON=T 

HI 

; 

655 

I=T»IN2 

HI 

1 

IF  (T-K)  660,635,660 

Hf 

o 

660 

OF-XC (I)-XL 

Hi 

OR=YC(I)-YL 

Hi 

I 

IF  (ABS(DE)-ABS (DP) ) 675,675,665 

Hi 

: C 

C 

Hi 

C 1 

LA1FL  SPACF  GREATER  IN  X DIRECTION 

Hi 

665 

IE  (ABS  (DE) -DXD  655,670,670 

Hi 

C 

C 

HI 

G 

4 

. © 

' © 

t 

*'  © 

u 

) 

i o 

I 

i o 
i 

: o 

f 

I 

1 o 
\ o 

i ° 

■ r 


c 

c 

670 


G 

C 

C 

675 

C 

c 

c 

680 


C 

C 

C 

665 


C 

C 

c 

6*10 


LABEL  SPACE  AVAILABLE  IN  X DIRECTION 

DE=XL+SIGN(DXL,OE) 

J=I-INC " 

DB=(OF-XC(I)l/(XC (J> -XC(I> ) MYClJI-YCm > ♦YD(I) 
GO  TO  600 

LABEL  SPACE  SCAN  IN  Y DIRECTION 

IF  (ABS (DP) -DYL)  655,630,680 

LABEL  SPACE  AVAILABLE  IN  Y DIRECTION 

Dn=YL+SIGN<DYL, DO) 

J=I-INC 

DE=  (DB-YC  (I) J /(YC(J> -YC(I)>  *(XC(J>-XC(I) >*XC(I) 
GO  TO  601 

PLOTTING  TERMINATED  DURING  LAPEL  SPACE  SCAN 

I =NCON 
NCON=0 
GO  TO  625 

LOCATE  LOWER  LEFT  CORNER  OF  LABEL 


XL=(XL»DE-DXL*0 .10) *0,5 
YL  = <YL*08 -DYL ♦ 0.10) *0,5 
C i L L NUMBrR  (XL,YL,HCL,FLAB,0.0,NACL) 

CALL  PLOT  (DE,OP,3) 

NC0N=I 
GO  TO  700 
C 

C CONTOUR  PLOTTING  RESUMED  AFTr?  LABEL 
C 

605  I =1 ♦ I NC 

700  CALL  PLOT  CXC (I> , YC (I) , KPOI 
IF  (I-<>  705,710,705 

705  IF  (APSr<C(I) -XI  ) TAPS  (YC<  I) -YD-Sl)  605,650,650  '■ 

C*** **♦****,***,■■**•  **********»*****»*»*»****CONTOJP  PLOTTING  TERMINATION 

C TERMINATING  AT  EDGE  OE  GRID 
C 

710  XL=YC(I) 

YL  = YC  (I) 

IE  l M F M T Y ) 715,715,720 
C 

C TERMINATING  ON  ‘JELP 
C 

715  GO  TO  LSRPI,  ( 2?n , 241 , 260  ,230 , 305 1 
C 

C CODROINATE  SAVE  STRINGS  PULL  ' 

c . ...  ...  ' 
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m 

Hi 

h; 

Hi 

H 

H. 

H 

H 

H 

M 
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M 
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M 
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M 
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H 

H 

M 

K 

K 

y 

y 

y 

y 

y 

y 

y 

v 

» 

y 

y 

r 
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XC(1>  =XC(lCSS) 
vcd)  =vc(  lcssj 
XC(2)=XC(LCSSn) 

YC(2)  =YC(LCSS*1) 

LCSS=2 

GO  TO  LORET,  (395,420,440,465,490,510) 

XXXX=X9*4  • 

CALL  pTE ( SCALE) 

REWIND  31 
CALL  RTE( SCALE) 

CALL  SYMBOL  (XXXX,0. 0, .42,11HFN0  0^  PLOT, 0,0, 11) 
CALL  PLOT  (0.0, 0.0, 999) 

FNO  FILE  2 

STOP 

ENO 

SU3R0UTINE  RTE (SCALE) 

DIMENSION  IX(5> « I Y (6 ) ,X  (?) , Y (5) 

READ  (31,10)  10, NO 
IF  (FPC (31) ) 099,1,999 
IF  dn.E3.2HIU)  GO  TO  40 
IFdD.NE.  2HRT ) GO  TO  ? 

BACKSPACE  31 

RF AO (31, 10)  TO, NO, (IX (I) ,IY (I) ,1*1,5) 

FORMAT (AZ,A1,5X,2 13, 4 <7X, 2X3)1 
00  4 1*1, 5 

X(I)  = IX (I) *10*SCALE 
Y (I)  = IYd)*10*SCALE 
IFtNO.NE. 1H1)  GO  TO  3 
CALL  PLOT  (X(l) ,Y(1) ,3) 

GO  TO  99 

CALL  °LOT  (X(l) ,Y(1) ,?) 

DO  98  1=2, S 

CALL  PLOT (Xtl) ,Y(I) ,2) 

GO  TO  2 
CONTINUE 
BACKSPACE  31 

REAO ( 31 , 4 ?)  (IX(I).IY(I) ,1  = 1,3) 

FORMAT (9X ,613) 

00  43  1=1,3 

X f 18  = IX(I) *10*SCALE 

Y(I)  = IY d) *10’SCALE 

CALL  SYM90L(X(I),YCI) , . 21 , 1HA, 0, , 1) 

GO  TO  2 ' 

RETURN 

END 

10O008700200  HLT  90  SITE  A 
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Joining  Partial  Arrays  from  Two  or  More  DMA  Tapes 

(UATA5) 
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UATA9.T901.NT3.  PROGRAM  USED  TO  JOIN  ARRAYS  OF  E.EV  MATRICES 
TAS<,TN=TETAM,T  A=1 A464,  WP= 0 1 , 0S= A TCAC AM , TR= TS . 

PAUSF.  T A°E  3 ANO  TAPE  4 ARC  THF  TWO  INPUT  ELEVATION  MATRICES 
VSN,TAPF3  = fo«*’.  J9/4 

LABEL » T APET , R , 0 =PT  ,L=J904.  * 

VSN,TAPF4=6T66.  J905 
LABEL*  T A3E4»R,D=?E,t=J905. 

PAUSE.  L=J9J6*J03=UAT94  TRK  = 9 DEN=P'  PT  = HW  TS<  =IUAMNT  OS=ATCACAM 
PAUSE.  TAPE  9 TS  THE  RESULTANT  ELEVATION  FILE  (MERGED) 

VSN.TAPEBsSAVE.  this  TS  A REQUEST  'OR  THE  OUTPUT  TO  BE  SAVED  » 

L ABEL, T APES, W,D=PE,L=J9J6. 

FTN, L = D . 

LGO. 

PROGRAM  A°RAY  ( INPUT , OUTPUT , TAPE  1 = INPUT , TAPE2  = OUTFU I, TAPE  3, T APE4, 
- T A°E5 ) 


THIS  PROGRAM  WILL  POSITION  TWO  ARRAYS  TOGETHER  TO  GIVE  ONE  LARGE  A 

THF  PURPOSE  TS  TO  FIT  TOGETHEP  TWO  MAP  ARRAYS  OF  ELEVATIONS. 

WHEN  FORMING  THr  LARGER  COMPOSITE  ARRAY, THE  PROGRAM  WILL  FILL  THE 
NOT  COVERED  BY  THF  INPUT  AREAS,  WITH  ZEROS. 

THr  PROGRAM  WILL  RCAO  ONE  INPUT  CARO. 

TAPES  IS  THE  FIPST  INPUT  ARRAY 
TAPFi.  TS  THE  SECOND  INRUT  ARRAY 

TAPES  IS  THE  OUTPUT  ARRAY  AND  WILL  BE  WRITTEN  UNDER  AN  IS  FORMAT 
WITH  EA'N  VALUE  VARYING  THE  Y FIRST  THEN  THF  X 
ONLY  ONr  INPUT  CARD  CONSISTING  OF  NINE  FIELOS  EACH  FMT  13 
THF  W6RT»«\.r  r NT  SHOULD  BE  SFT  TO  0 T c TN3UT  RECORDS  ARE  1615 

SET  F«T  = 1 IF  TNPUT  RECORD  IS  FORMATTED  IS. 

I N (1 ) = NUMOFP  OF  ROWS  IN  FIRST  ARRAY. 

INC?)  = NUMBER  OF  COLUMNS  IN  FIRST  ARRAY. 

IN(T)  = NUMBER  OF  ROWS  IN  SECOND  ARRAY. 

IN(4>  = NUMBER  OF  COLUMNS  IN  SECOND  ARRAY. 

THE  NEXT  FOUR  ENTRICS  O'SCRIB'  THF  X.Y  COORDINATES  OF  THE  SOUTH-WE 
borne  r OF  EACH  ARRAY  WITH  RESPECT  TO  THE  (1,1)  COOROINATF. 

HOW  DO  YOU  KNOW  WHERE  THE  (1,1)  POINT  ISA 

WELL, AFTER  lOOKTNG  AT  HOW  THE  TWO  M4®  ARRAYS  FIT  TOGETHFR,  THE  WES 
COLUMN  WILL  OF  ON  THE  Y-AXIS  ANO  THE  50UTHM0ST  ROW  WILL  BE 
X-AXIS.  THEN  OBVIOUSLY  WHERE  THE  X-AXIS  CROSSES  THE  Y-AX 

THE  POINT  (1,1). 


IN (5)  = X COORDINATE  OF  SOUTH-W'ST  CORNER  OF  FIRST  ARRAY  WITH  RESP 
T 0 (1,1)  POINT. 

I N (6 ) = Y COORDINATE  OF  SOUTH-WrST  CORNER  OF  FIRST  ARRAY  WITH  RES“ 


TO  (1,1)  POINT. 

TNI?)  * X COORDINATE  O'’  SOUTH-WEST  CORNER  OF  SECOND  ARRI 
TO  (1,1)  POINT. 

I N ( A ) = Y COORDINATE  OF  SOUTu-W'ST  CORNER  O'  SECOND  APR1 
TO  (1,1)  POINT. 

THE  LAST  FT'LD  I FMT  WILL  HE  A 0 IF  THE  INPUT  ARPAYS  WT PF 
BY  A 1919  FORMA!  RECORD,  A 1 IF  WRITTEN  BY  A T9  FORMAT. 
DIMENSION  INC) , MAR (16) .MAR (IE) 

1 F;FO  (1,?)  II V (I)  , T - 1 , A ) ,IFMT 

2 FORMAT  (DM) 

IF  C Of  (1  ) ) r.P,«.l 


)'  SOUTH-WEST  CORNER  OF  SECOND  ARRAY  WITH  8ES 

r. 

)F  SOUTU-W'ST  CORNER  O'  SECONO  ARRAY  WITH  RES 


ISM  IN  A SWT  I'  M USr  ) 1!)  ALLOW  CODE  'ROM  41  TH^U  9 TO  BE  USED  TO 

CAl.CtJI  Air  1 M<-  SIZ‘"  OF  N<  W ARRAY.  ISW  = 0 WMF  N CALCUl  AT1MG  NUMnT  w 
O'  ROWS  A ''ll  TSW  • 1 WMF  N CAl  CUL  ? T IMG  NUM'I'R  OF  COLUMNS. 

TSW-'I 
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I F .GT.TN<4>>  GO  TO  3 

STATEMENTS  4 THRU  12  C4LCUL ATF  COMPOSITE  ARRAY  SIZE  AnO  PRINT  IT  0 


1=4 
J = ? 

K = 7 
L = 5 

IF  (IN(L> .E0.1>  GO  TO  5 

IHLO=IN(U*IMIJ)-l 

IF  UHLO.GT.INdJ  ) GO  TO  7 

GO  TO  6 

1=2 

J = 4 

K=5 

L = 7 

GO  TO  4 

IF  (INTO  •FQ.lt  GO  TO  6 
MX=IN ( I ) ♦ IN  C Kl  -1 
GO  TO  9 
MX=INIT» 

GO  TO  9 
MX=IHLO 

IFTISW.EQ.IT  GO  TO  11 

TSW=1 

MXA=MX 

IF  « I NC 1 • .GT.INC3TT  GO  TO  10 

I = T 

J=1 

K=* 

L=6 

GO  TO  4 
1=1 

J = ? 

K=6 

LM 

GO  TO  4 
MT A=MX 

PRINT  12. MYA, MX  A 

FORMAT  { 1 X,30HOIMCNSION  OF  COMPOSITE  ARRAY  ( , 13 , 1 H , , I "5 , ?H ) . ) 


J A X 1 TS  SET  TO  t 

JAY1  IS  SrT  TO  1 

JAX2  IS  SET  TO  1 

JAY2  IS  SET  TO  1 

THC  A 00 VF  VARIAOL 
IF  OOTH  THE  J AX  1 
WRITTEN  TO  ARRAYS 
IF  OOTH  THE  JAX2 
WRT  TTrN  TO  TAPES. 
IF  SCAN  °OINT  IS 
TAPES. 


IF  SCAN  POINT  13  WITHIN  RANGE  OF  FI^ST  ARRAY  COLO 
IF  SCAN  POINT  IS  WITHIN  RANGE  OF  FIRST  ARRAY  ROWS 
IF  SCAN  POINT  IS  WITHIN  RANGE  OF  SECONO  ARRAYS  CO 
IF  SC"'  POTNT  IS  WITHIN  RANGE  OF  SECOND  ARRAYS  .RO 
ES  ARE  SrT  TO  0 IF  NOT  IN  RANGF. 

ANO  JA11  A~  = 1 THEN  ARRAY1  IS  READ  FROM  TAPE3  A 
ANO  JAY2  ARL  = 1 THEN  ARRAY2  IS  READ  FROM  TAPE4  A 

NOT  WITHIN  ARRAY1  OR  ARRAY?  THCy  A 0 IS  WRITTEN  T 

***** 


THC  SCAN  POTNT  TS  DEETNEO  R V THC  noUBLE  DO  LOOPS  THAT  SCQUENTT ALLY 
SCAN  EACH  COLUMN  E°OM  LEFT  TO  EIGHT  UNTIL  ALL  COLUMNS  HAVE  Pf.EN  S 
IN  THE  COMROSITF  ARPAY. 


TAPE3  ANO  TAPF4  MUST  OE  RfcAO  UNDE°  THE  FORMAT  1615  Dp  THE  P°Cr.RAM 
CHANGED. 

JAXl  = (1 
JAX2*  0 

DO  lin  1*1, MXA 
I CNT * IS 
,ir.NT*1S 
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IF  (I.EQ.IN(5)>  JAX1=1 
IF  (I.GE.  TN(5I  *1*1(2))  JAXI=0 
IF  (I.E0.IN(7)>  J AX  2=  1 
IF  (I.GF.  IN(7)*IN(4))  JAX2=0 
JAY  1=  0 
JAY 2=0 

00  100  J=1,MYA 
IF  (J.EQ.IN(6)I  JAY  1=1 
IF  (J.GF.IN(6)*IN(1))  JAY1=0 
IF  " (J . EQ. IN ( 0) I JAY?=1 
IF  (J.GE.TN(81+TN(3>>  JAY2=0 
IF  (JAXl.ra.l.AND.JAYl.EQ.l)  GO  TO  16 
IF  (JAY2. EQ.1.AN9.JAX2.EQ.1)  GO  TO  10 
T OUT  = 0 

IV  MPITE  (5,15)  IOUi 

15  FORMAT  (16) 

100  CONTINUE 
110  CONTINUE 

STOP 

16  IF(IFMT.EO.l)  GO  TO  25 
ICNT=ICNT*l 

IF  (ICNT.GT.16)  GO  TO  17 
IOUT=MAR  ( IONT) 

GO  TO  IV 

17  REAO  (3,151  (MAR(NUM) ,NUM=1,16) 

18  FORMAT  (1615) 

I CNT  = G 

GO  TO  16 

19  IF (IF-T.ED.l)  GO  TO  27 
JCNT=  JCNTU 

I F( JCNT . G T .1 6 ) GO  TO  20 
IOUT=NAP( JCNT) 

GO  TO  14 

20  REAO  (4,21)  ( NA R ( NUN ) , NUM=1 , 1 6) 

21  FORMAT  (1615) 

JCNT=0 

GO  TO  19 

25  REAO  (3,26)  IOUT 

26  FORMAT  (15) 

GO  TO  14 

27  RFAO  (4,26)  IOUT 
GO  TO  14 

50  STOP 
END 

094160060160001 001001095001 


CMTXXOC  ff/f  ENO  OF  LIST  /f/f 
CMTXXOC  ////  END  OF  LIST  //// 
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ANNEX  A- 1 1 


Environmental  Feature  Plot 


The  program  used  to  produce  the  plots  of  environmental  features  uses 
the  same  input  data  as  the  FEATUR  program  (see  annex  A-III).  The  program 
screens  all  of  the  environmental  features,  selects  those  of  a given  (by 
input  data)  type,  and  plots  the  selected  figures.  The  index  number,  which 
represents  the  exact  description  of  the  environmental  characteristics,  is 
written  in  the  center  of  each  geometric  figure.  This  program  is  designed 
to  produce  a tape  that  is  suitable  for  use  as  input  to  a CALCOMP  plotter. 
The  job  control  language  for  this  program  has  not  been  included  because 
each  set  of  plotting  equipment  has  its  own  unique  control  requirement. 

A schematic  portrayal  of  the  input  deck  is  shown  in  figure  A-II-1.  The 
program  is  attached  as  inclosure  A-II-a. 


A-II-1 


1 


2-N 

N+l 


Card  Column 
1 


1(1  and  2) 


Terrain  Feature  Type 

1»  Concealment,  2;  Cover,  3;  Trafflca 
bllity,  4;  Rough  Terrain,  5;  Mine- 
fields, 6;  Smoke,  7;  Not  used,  8;  All 
features. 

Data  cards  used  in  the  FEATUR  program 
End  of  file  (delimiter) 


/ 


Figure  A-II-1.  Configuration  of  FEATUR  Input  Deck 


A-II-2 


■sa 


DIMENSION  NJMdERClOl  ' - --  

DIMENSION  <VALS(20),YVAL5C20>,ITYPEC8> 

<1  DIMENSION  NJNSEiUOI  

DMA  NUMBEr/»i**,»2"t"3",,'**",“5","b","7"tM8",“9".,,iO«/ 

0 DO  IDS  1-1,10  

105  NJKfeERII I * 1 

j. .005  

IF1RST  = 1 

READ(S,22>  NON 

_ 22  F3RHAI  (It  ) 

C CALL  PLOT  SCI  9JJF,  IDUM , 14  ) — — 

C STAAI  OF  SR  I 3 

_ CALL  PLOT! 9. ,2. 6,-3)  

® XVALSIl 1-0.0 

XtfALSI  2) -1500-0* 

- DO  11  1-1,5 

• YVALSIU-1300.M  — — 

CALL  PLOT IS-XVALS(I) ,S*YVAL5(I),31 
CALL  PL0T(S*XVALS(2),S»YVALS(I),21 

• 11  CONTINUE 

YVAL St  11-0.0 

~ VN&L5I2J-5000. 

© 03  1?  I-l,U  — 

XYALSd  1-1330. *1 

CALL  PL3MS*Xtf  ALS  d ) ,S*  WALS  (1 1 , 3 ) — 

© CALL  PL3T(S*XYALS(II ,S*YVALS(2),2> 

1-2— CON  T1 N JE 

_ Xt'ALSill  *0.3 

C 2 xmsmo.o  — — 

XYALSI3) =15000 . 

• XtfALSUI-15000.  

C YYALS t 11=3.3 

YVA  LSI  2 1-5330. 

YVALSI31-0.0 

L YYALSm-5300.  

60  TU  5 

1 REA0(5,»,EN3-2)  I XV ALS 1 1 1 , YVAL S 1 1 ) , I -1 , 5) , (I T Yf E( J 1 , J-l 

9 FORMAT  (8F6.0,BI3I 

IF  (-  IT  YPE  C NON  1-  ~E0.-  0 l-GO-IO-  l 

CALL  SORT (XVALS,YVALS) 

V — 5 CALL  PL3TlS*XNALSm,S#YVALSIl),3l 

CALL  PLOT  IS*XVALS (2) ,S*YVALS(2) ,21 
CALL  PL0TIS*XVALSC5)  ,S*YViUS(5  I ,2) 

1 CALL  PLOT  (S*XmS{3>  ,S« YVALS 1 3) , 21 

CALL  PL-3T (S*XVALSd  ),S#YVALS(1J,21 

, 102  lFCIFIRST.NE.il  GO  TO  105 

( YYAl.Sd)  * o.o  - 

CALL  PLOT  (S«XVAlS  III  ,S*YVALSU>  ,-3  1 
IF  I RSI  - 2 
1 CO  TO  1 

105  SJHX  - 0.0  - - 

, S'JM  Y * 0.0 

v-  DO  100  1*1,5 

5JHX  * SUMX  « AVALS!  I I 
, 100  SJNY  x SONY  » YVALSIII 

SJMX  - SUMX  / 5.0 

SJMY  » SJMY  / 5.0—  - — - - 

NCHAk  * I 
DO  101  1*1,10 

If!11YPE(NTV).VE.NUMl'LR(J)I  GO  in  101 
, I F ( I .( 3.1 0)  NCSSR  * 2 

CALL  SYMtnlL(S*SJMXtSP:»UMY,0.07,NLtM0ET(  I)  ,0,NCtTARJ 
r.  *i  in  i 


A-TT-a-? 


ioi  continue 

Z CONTINUE  • - - - — . — 

1 43=0.0 

1 rl F *-300 .0  - 

Dl=0.0 

- 3 READ(8,7,EN)*6)  X IOC  . YL3C,  R3  > ( I TYPE  1 J)  , J = 1 , * 1 — 

7 FORMAT (3F6. 0,8 m 

if ( iiyphnumi  .to.  o ) (no  ) 

NCNAR  = 1 

03  103  1*1,10  - — 

IFdlYPEtNSNl.NE.NUlBERtl))  GO  TO  103 

-  if (i. fa. id  nchar  = ? 

ZLOC  = XL3C  - R3 

CALL  5YKB3LIS*ZLOC,S»YLOC.0.07,Nim&ET(l  ),0,!<CHARI 
RF*RO 

CALL  CIRCLCS»ZLJC,S»YLOC,THO,THF»S*RO,S*RF,:>I)  — 
&3  TO  3 

103  CONTINUE- 

6 CALL  PL3T(25.,D.,99?) 


-SUBROUTINE  SORTtX.Y)  ... 

oihensi 3M  xm.vm 

» 

DJ  2 J = i*J 

Nnj4-1 

- 

03  1 l *M»4 

IF(K.E0.2.AMD.(Y(J).LT.Y(I).0R.(X(J).LE.X(1).A ND.Y (J).Ea.Y(I  111) 
• (0  TO  1 

mu.foj  hd  (i.n  if  ((in  cn  rn  i 

— 

TEREX**!! > 
T EH  P Y = Y ( I I 

-■  — » 

X ( I )*X(J) 
Yfl)*Y( J) 

xcjUterpx 

Y I J ) *TE  RP Y 

1 C1N IINJE 
? CONTINUE 

■ i 

3 CONTINUE 

. RETURN  . - - - . - - - - 

ANNEX  A-III 
FEATUR  Program 


The  following  information  is  provided  for  each  geometric  figure  used  in 
an  environmental  overlay: 

1.  Coordinate  information  (X  and  Y coordinates  of  each  corner  of  a 
parallelogram  or  the  X and  Y coordinates  of  the  center  of  a circle  and 
the  radius  of  the  circle). 

2.  Index  values  for  six  terrain  characteristics  (concealment  (vegetation), 
cover,  trafficability  (soil  type),  roughness,  minefields,  smoke  in  that 
order) . 

3.  Knowledge  of  the  figure  ( a code  indicating  who  has  knowledge  of  the 
environmental  features  represented  by  this  figure). 

0 neither  side  has  knowledge 

1 Blue  side  only  has  knowledge 

2 Red  side  only  has  knowledge 

3 both  sides  have  knowledge 


/ r 


4.  Number  of  the  figure  (for  user  reference  only;  this  number  has  no 
program  implications). 

5.  Special  feature  code  (F  for  forest  and  M for  minefield).  This 

information  is  prepared  in  card  format  as  indicated  in  figures  A-III-1 
and  A- I I 1-2.  The  FEATUR  program  provided  has  two  situation-dependent 
subroutines  included:  XYCONV  and  XYCCNV.  XYCONV  with  the  appropriate 

origin  and  angle  of  rotation  will  convert  UTM  coordinates  into  DYNTACS(X) 
coordinates.  XYCCNV  with  appropriate  data  will  convert  DYNTACS(X) 
coordinates  into  UTM  coordinates.  These  subroutines  are  included  for 
reference.  They  can  easily  be  eliminated  if  not  required.  The  dimensions 
of  several  commons  and  the  values  of  several  variables  are  situation- 
dependent  and  need  to  be  checked  prior  to  the  use  of  the  FEATUR  program. 

Be  sure  to  allow  for  extra  parallelograms  and  circles  if  dynamically 
emplaced  minefields  are  used.  The  ;ta  cards  for  all  parallelograms  are 
placed  first  in  the  data  deck,  followed  by  the  input  data  for  circles. 

6.  The  FEATUR  program  and  a sample  JCL  s<.tup  for  the  IBM  360-91  at  APL 
are  attached  as  inclosure  A-III-a.  The  FEATUR  program  sets  up  a job 
stream  of  three  steps;  the  first  step  scratches  the  old  source  and 
object  modules,  the  second  compiles  and  executes  the  FEATUR  program 
(FT06  is  printed  output,  FT07  is  stored  on  disc,  FT08  is  a dummy),  the 
third  step  uses  the  card  image  data  created  in  step  2 to  generate  and 
store  an  object  module  on  disk.  The  object  module  created  in  step  3 

is  accessed  in  the  link  edit  step  of  the  DYNTACS(X)  job  stream  to 
provide  the  required  environmental  data. 


I 


! 

j 

i 

i 


K 

r 


A-III-1 


INPUT  CARD  FOR  PARALLELOGRAM 


1 


COLUMN (S)  DATA  ITEM 


1-  6 

X coordinate  of  1st  comer 

7-12 

Y coordinate  of  1st  corner 

13-13 

X coordinate  of  2nd  corner 

19-24 

Y coordinate  of  2nd  corner 

25-30 

X coordinate  of  3rd  corner 

31-36 

Y coordinate  of  3rd  corner 

37-42 

X coordinate  of  4th  corner 

43-48 

Y coordinate  of  4th  corner 

49-51 

index  for  concealment 

52-54 

index  for  cover 

55-57 

index  for  trafficability 

58-60 

index  for  roughness 

61-63 

index  for  minefields 

64-66 

index  for  smoke 

67-69 

code  for  degree  of  knowledge 

70-72 

figure  reference  number 

73-79 

blank 

80 

special  figure  identifier 

Figure  A-III-1 


i 


A-III-2 
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INPUT  CARD  FOR  CIRCLE 


COLUMN (S) 

DATA  ITEM 

1-  6 

X coord i antes  of  center 

7-12 

Y coordinates  of  center 

13-18 

radius 

19-21 

index  for  concealment 

22-24 

index  for  cover 

25-27 

index  for  trafficability 

28-30 

index  for  roughness 

31-33 

index  for  minefields 

34-36 

index  for  smoke 

37-39 

code  for  degree  of  knowledge 

40-42 

figure  reference  number 

43-79 

blank 

80 

special  figure  identifier 

,■ 


Figure  A- 1 1 1 -2 
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* 


1 


//CACDA99  JUb  IXXXXCOCA.C ,U,Q), WELLS 
//SCRATCH  EXEC  PGM'IEFBRIA 
//OBJECT  DD  DI5P* IOLD, DELETE)  , 

//  DSN*NAME  .COEA.O MW EST. FEATURES 

//SOURCE  DD  OISP=«OLD, DELETE) , 

//  DSN-NAME .COEA.NWEST .FEATURES 

/* 

//FULDA  EXEC  FC , REG  I ON .G*200K 
//F  .SYSIN  DD  * 


FEATURES 


P R JGRAM 
A BLOCK 


TO  READ  PARALLELOGRAM  AND  CIRCULAR 
DATA  PROGRAM  FOR  DYNTACS 


FEATURE  DATA  AND  GENERATE 


COMMON  AREAS  INITIALIZED  ARE- 

COMMON/ M1NTRU/LIM1TC,LIM)TM,LIM1TP 
COMHDN/TDDATA/NMBRCR, NMBRPL, NUMFC, NUMFP, NMINC, NX 
COMMON/MINC/MINCIMAXMC) 

COMHON/MIMP/MINP IMAXMP) 

COMMON, TD/TDI7, LIMIT C+LIMI TP) 

COHMON/TDC/TDC ( 3 , L 1 M 1 TC ) 

COMMON/ TDP/TDPI7.L1MITP) 

COMMUN/TDFC/TDFC (NUMFC) 

COMMON/ TDFP/TDFP I NUMFP) 

**  THIS  PROGRAM  IS  DIMENS IONES  FOR  353  PARALLELOGRA 


INP 


MAXMC 
NMINC 
MAXMP 
NMI  N? 
NUMFC 
NUMFP 
MAXM 


MAXIMUM  NUM3ER  OF  CIRCULAR  MINEFIELDS  ALLOWE 
NUMBER  OF  CIRCULAR  MINEFIELDS  IN  INPUT  DATA 
MAXIMUM  NUMBER  OF  PARALLELOGRAM  MINEFIELDS  A 
NUMBER  -OF  PARALLELOGRAM  MINEFIELDS  IN  INPU1 
NUMBER  OF  CIRCULAR  FORESTS  IN  INPUT  DATA 
NUMBER  OF  PARALLELOGRAM  FORESTS  IN  INPUT  DATA 
MAXIMUM  NUMBER  Of  MINEFIELDS  ALLOW  r D 


MS  AND  90  CIRCLES 
D 


LLOWED 

DATA 


1 


» CTPfMiy  Ml1  f 


DIMENSION  YH1353) , Y 1 NT SM ( 353 ) , Y I NT LR ( 3 53 ) , 

XMI353  ) ,XINTSM(353),XINTLR(3S3)  , 

NMB (13,  ) t X ( 9 ) * Y 1 9 0), 

NMBPFT (353,7) .NMBCFT (970,7 ),R (900), 

SORT (9  JO ) , XM I N (9  ) , 1TRE  EP(3  ), 

I TREEC ( 9 ),ITEMP6(7),ITEMPA(7) 

DIMENSION  MINP(3  ,0) ,MINC(300) 

INTEGER  F LAG , F 

INTEGER  2 TD , TDF C , TDF P , M INC , M I NP 
MINE‘5 

READ  (5,1030)  F 
FORMAT  (Al) 

NMINC  = 0 
NMINP  * 

NUMFC  * C 
NUMFP  = 0 
WR1 TE (6,1 1 

FORMAT  (28H10RI&1NAL  PARALLELOGRAM  DATA/iH  ,9X<2 
*NT  2 , 1 3X , 7HPU I NT  3 , 1 3X , 7HP01NT  A/8X , 1 HX ,9 X , 1 HY  , > 
'X,9X,1MY,9X,IHX,9X, 1 MY , 3X , 3HC0N , 2X , 5HC UV  , 5HTRF 
*,5MSMK  , 7HR0B  ,1HN) 

MAXP  i MAXIMUM  NUMBER  OF  PARALLELOGRAMS  ALLUWL  0 
NMbRPL*  NUMBtrR  OF  PARALLELOGRAMS  IN  INITIAL  DATA 

IF  MAXP  .GT  .NMBRPL  THEN  EXTRA  PARALLELOGRAMS  ARE  FIL.ED  WITH  TMVIA 
RE  AD  (‘> , 2 I MAXP , YMBRPL 
2 FORMAT (215) 

DO  5 I'l, NMBRPL 

A PAkAl  l IL3GRAM  WILL  BE  READ  SPECIFYING  <•  CONSEE 
■ I HI  N IACH  PARALLELOGRAM  WILL  BE  RTSPECIFIFD  PER 
RF  A l)(  5 , 3 ) XI  ,Y1  ,X2,Y2,X3,Y3,XA,Y',  , ( NMBPf  T ( I , J ) , J 
1 i OR  MAT  IB) fc.r  ,B 1 t,7X, Al  ) 


1 


HPOINT  1 , I 3X , 7HP0 I i 
X , 1 HX , 9X  , 1 H Y , 9X  , 1 H( 
,5HR1.  , * HM  F . 


./* 

i.  *v.  i 


UTIVE  POINTS 
LC 1 F SUBRUUI  INE  ' 
1 , 7),NMB(I» .FLAG 


Mvrug- 


A-IlI-a-2 


'><?'*  •'  C ■■  O '•  O O o o ■■  e O O C C'  o O O ri 


) GO  TO  17321 


f 

I 


m 


u*. 


■ Ml  ii.1 

. n.  r * i r 

(XI 


IF  < XI .GT.Y5  ) 00  IU  17321 
XXX 1 1 52325. 

YYY  1*9265 
AANGG1- .8074 

CALL  XYCCNV  ( XXXI , YYV1 , AANCG, XI , Y1 (XX1 1 ,VY1 1 » 

X1=XX11 

YX= YY1 1 

CALL  XYCCNV  ( XXXI , YYY1 , AANCG ,X2, Y2 ,XX22 ,YV22 » 
X2r XX22 
Y2X YY22 

CALL  XYCCNV IXXXl ,YYV1 , A ANGG, X3 , Y3 , XX33 , YV33 > 
X3»XX33 


17321 


Y3=  YV33 
CALL  XYCCNV 
XA  = XXAA 
YA*YYAA 
CONTINUE 
CALL  XYCQNV 
CALL  XYCONV 
CALL  XYCONV 
CALL  XYCONV 
MRlTE(b,7) 
FORMAT ( 6F l j . 


CXXX1 tVVVl,  AANCG, XA, YA,XXAA,VYAA I 


(Xl.Yll 

(X2.Y2) 

1X3, Y3» 

(XA.YA) 

XI  ,Y1  ,X2,Y2,X3,Y3, XA.YA, INMBPFTU ,J), J*1 ,7) , NMB II), FLAG 
1,815, All  1 


CO  TO  88 


883 

7 

TEST  IF  DATA  POINTS  REPRESENT  A PARALLELOGRAM 

IF(ABS(X1*X3-X2-XAI . L E . 1 . AND . ABS ( Y1+ Y3-Y2-YA I . LE . '.1 1 

TEST  IF  PARALLELOGRAM  BUT  DATA  POINTS  NOT  IN  PROPER  ORDER 

1F1 ABS(X1*XA-X2-X3> .Lt .0.1 . AND .ABS 1 Y1 ♦YA-Y2-Y3 ) . LE.0.1 ) CO  TO  99 
DATA  POINTS  NOT  A PARALLELOGRAM.  FIX  <XA,Y4I 
X4xXl*X3-X2 
Y4*  Y1 ♦Y3-Y2 
GO  TO  88 

DATA  POINTS  NOT  IN  PROPER  ORDER.  FIX  POINTS  3 AND  A. 

99  TEHP*X4 


88 


1 

0 0 * 


X4=  X3 
X3S  TEMP 
T EHP  = YA 
YA*  Y3 
Y3*  TEMP 
CONTINUE 
IF  (X1-X2I 
IF  IY2-Y3) 
CONTINUE 
ONE  SIDE  IS 


9,10,9 

2-.1  .2: 


PARALLEL  TO  AN  AXIS,  AND  IT  IS  NECESSARY  TO  ROTATE 


TEMPX 
TEMPY 
XI 
Y 1 
XA 
YA 
X3 
Y3 
X2 
Y2 


XI 
Y 1 


1 5 


t.  » V 


t * r, 

C-  <’  O 


<1  o c 


XA 
YA 
X3 
Y3 
X2 
Y2 

TEMPX 
TEMPY 

XMIN(I)  * AM1N11X1 ,X2,X3,XA) 

WRITE  (8,151  Xl.Vl ,X2,Y2,X3,Y3,XA,YA 
FORMAT  (8F6.0) 

CALCULATE  SLOPES  AND  INTERCEPTS 
YM  = Y SLOPE 

= SHALL E ST  Y INTERCEPT 
= LARGEST  Y INTERCEPT 
SLOPE 

= SMALLEST  X INTERCEPT 

= IDENTIFYING  NUMBER  OF  THE  PARALLELOGRAM  FEATURE 
* LARGEST  X INTERCEPT 
ORIGINAL  FEATURE  NUMBER 


YINTSM 
VINTLR 
XM  = X 
XINTSH 
NMB  PF  T 
X1NTLR 
NMB 


V/'.V  *?’lpg»T?i^r  - 

A-III-a-3 


i • err  - (■(T’-iiTi  / — ■ ■ 

Y1NTSHU  J * V2-YM  ( 1 >-X2 

YINTLRM)  * Y3-YM ( 1 ) *X3 

IF  (YINTSNm-YI.VTLRtm  25,32,32 

TEMP-YINTSMC II 

YINTSMt I I > YINTLR! I I 

YINTLR(l)  * TEMP 

XHIII  * IX2-X3I  / (Y2-Y3) 

XINTSM  ( 1 1 « X2-XM  ( I l<’Y2 

XIN  TLR ( 1 I r Xl-XN ( 1 I *Y1 

IF  (XINTSHUI-XlNURdl  ) 5,  , 27, 27 

TfHP=xnasnm 

X1NTSHC I ) * XINTLR  C I ) 

XlNTLR ( I ) = TEMP 

CONTINUE 

NOW  SORT  ARRAY 

IF  (NKBRPL-l ) 11, 95, 95 

00  1C  1-I,NHBRPL 

TEMP=XHIN( I ) 

K*I 

00  75  J= I , NMBRPL 
IF  (TEMP-XMINUI1  75  ,97  »97 
TEMP=XM1 N ( J ) 

K*  J 
CONTINUE 
TEMPI  = YM(K) 

TEMP15  » Y INTSM(K) 


TEMP2  = YINTLR(R) 

TEMP3  = XHtKI 
TEMP9  * XINTSM(K) 

TEHP5  * XINTLR(K) 

00  21  N=1 ,7 

ITEMPMM)  = NMBPFTIK.M) 

FLAt-ITREEP(K) 

ITEMP7  * NHBIKI 
XKIN(K)  « XMIN(I) 

YHIKI  * YMdl 
YINTSMIK)  * YINTSM(I) 
YINTLR(K)  * YINTLR ( I I 
XK( K ) * XM ( 1 ) 

XINTSM (K ) « XINTSM* 1 ) 
XINTLRIK)  * X1NTLRU) 

OD  22  Mrl ,7 

NMB  PFT I K , H I * NHBPFT ( I , M I 
ITREEPIKI=ITREEP(l) 

NMB ( K ) = NMB ( I ) 

XHINd )=TEHP 
YM ( I ) * TEMPI 
YINTSKU)  = TEMPI  5 
YINTLR  J I I * TENP2 
XNUI  = TEMP3 
XINT5MU)  * TEMP9 
X1NTLR ( 1 I = TEMP5 
DO  23  H=1 , 7 

NMB  PFT( I ,M I > ITEMP6(HI 

CHECK  IF  FOREST 

IF  IFLA&-F1  29,92,29 

THIi  FEATURE  IS  A FOREST 

NUHFP=NUMFP*1 

ITR  EEP (NUMFP I • I 

CONTINUE 

NMB  ( I » * ITEMP7 

CHECK  IF  MINEFIELD 

IF  (NMltPFTl  I.MINEII  99,100,99 

THI S FEATURE  IS  A MINEFIELD 

NMlNP=NM!'i?M 


A- 1 1 1-a-4 


oc 

or 

oc 

oc 

C'  ['■ 

0 f 

•or 


jaBiir  i irwa^mxo-i^  ■ i»  mtmihtm.  , .i  ' B 

10  i CONTINUE 

1 1 CONTINUE 
WRITE  Cb,i;2) 

1 2 FORMAT  C27H1REVISED  PARALLELOGRAM  0ATA/8H'  XMI N, 1 2*. 2HYH , 8X , 

-NTSM,BX,brtYlNTLR,12Xf2HXM,8X  »bHX  I NT  SM , 8X  f bHX  l NT . R 1 7X ,7HCODE  S 
-12H0LD  N NEW  N) 

DO  110  1 = 1 »NMBRt>L 

110  WRITE  (b,9)  XMINtl ) ,YM( I >,Y1NTSM(1 ) ,Y1NTLR(1),X1U  ) .XlNTSMtlh 
l,LR  < l)fl  NMBPFT  ( I , J 1 , J=  1 , 7 ) , NMB 1 I > , 1 
9 FORMAT  (F7.0*b£19.5, 712, 18,171 
IF  I MAXP.LE .NMBRPL ) GO  TO  115 
C FILL  IN  REMAINING  PARALLELOGRAMS  WITH  TRIVIAL  DATA 
ITEMP7=NMBRPL+1 
DO  9'i  I*ITEhP7,MAXP 
XMI N ( I 1=9999999. 

Y M ( 11='.  . 

YINTSMI  1)0. 

YINTLR (11=0. 

XMI  11  = . 

XINTSMI  1 1 = 9999999. 

XINTLRI 1 1=9999999. 

IIREEPIIIO. 

NMb ( I 1 * I 
DO  9C  H*l,7 

90  NMBPFTI1 ,M)*0 
WRITE(6,911  ITEMP7.MAXP 

91  FORMAT  129 HO*®9*  PARALLELOGRAMS  NUMBERED. 19,  8H  THROUGH, 19, 

‘30H  ARE  FILLED  WITH  TRIVIAL  DATA.) 

115  WRITE(b,1201 

12)  FQRMAT(21‘U0R1G1NAL  CIRCLE  0 AT A/lHO , 7X , 1HX, 9X, H Y,9X,bHRA0 I U S , 
'*MX-P  .?X  ,'0HCnN  COW  TRF  RT.  MF . SMK  ROB  N 1 
C MAXC  = MAXIMUM  NUMBER  OF  CIRCLES  ALLOWED 
C NMBRCR=  NUMBER  OF  CIRCLES  IN  INPUT  DATA 
RE AD ( 5 , 2 1 MAXC.NHBRCR 
C READ  CIRCULAR  DATA 

DO  150  1 =1 .NMBRCR 

RE  AO (5, 6 1 X(I),Y(I),R(I  1 , INNBCFT 1 1 , J 1 , J = 1 , 71 , NM3  ( I 1 , FL AG 
b FORMAT (3F6. 0,8 13, 37X.A1  1 
ITREEC ( I 1 =FLAG 

IF  IXdl.GT. 95000  .)  GO  TO  17322 

CALL  XYCCNV  (XXXI , YYY1 , AANGG ,X ( 1 1 , Y (I) ,XX 1 1 , YV11  1 
XII  )=XXU 
YU  1 1 YY 1 1 
17322  CONTINUE 

CALL  XYCCINV  I X ( I 1 . Y < I 1 1 
AAA  =0 . 

WRITC  (8,191  XII),  YU),  »(!),  AAA 
19  FORMAT  I3F6." ,29X,Fb. 'i 
887  50RTI1 ) = X(I)-RII) 

703  WRITE  lb, 121)  X I 1) , Y (1) ,k 111 , SORT  I )) , I NHBCFT 1 1 , J ) , J = 1 , 7) ,NMB (I 
“.FLAG 

121  FORMAT  (9F1C.1  , 8 I 5 , A 1 1 'n*. 

1 5 - CONTINUE 
C <"**  NOW  SORT  ARRAY 

IF  (NMBRCR-1)  201,16  ,1b; 
lb?  I)U  20  1 = 1, NMBRCR 

TEMP  = SORT (I  ) 

K*  1 

DO  175  J~I , NMBRCR 
IF  (TEMP-SORT ( J)  1 175,161,lbl 
Ibl  T EH  P = SORT ( J 1 
K«J 

1 75  CONTINUE 

TEMPI  = X I K 1 
TFHP2  «■  Y (K 1 

A-III-a-4*-' 


DO  51  M*1  , 7 

51  ITEKP<.IN)*NMBCrTIK,M) 

FLAGUTREECIK) 

1TEMP5  > NMBIKl 

kIKI  * XII) 

Y IK  ) > YU) 

RfK)  > riii 
SORTIK)  - SORT  1 1 I 
DO  52  N-ydk*. 

52  NHBCFTIK,MT-NMBCFTI  1 ,N) 

ITREECIK)=ITREECI1 ) 

NM6IK)  « NMBII) 

XI)  ) > TEMPI 
Ytl  ) = TEKP2 
R 1 1 ) = TEMP3 
SOR Til)  * TEHP 
DO  53  M*l,7 

53  NMBCFTll.M)  • ITEMPA(H) 

C •*»  CHECK  IF  FOREST 

IF  IFLAG-F)  56,163,54 
C *•»  THIS  FEATURE  IS  A FOREST 
lb3  NUMFC*NUMFC«1 

ITREECINUHFC)  * I 

54  CONTINUE 
NKBM)  - TTFNP5 

C •»»  CHECK  IF  MINEFIELD 

IF  INHBCFTII  .MINE  ) ) 165,2^,165 
C •••  THIS  FEATURE  IS  A MINEFIELD 
165  NMI NC  = NM 1 NC  + 1 

MINC(NNINC)  « I 

200  CONTINUE 

201  CONTINUE  ! 

WRI TE 16,202) 

202  FORMAT  I2‘*H1RE  VI  SED  CIRCLE  DAT  A/1H0 , 1 1 X , 1HX,  1 8X,  1HY  , 13X,  6HRADIUS,  7 
*X,3HX-R,3X,4  HCON  COV  TRF  RT.  MF . SMK  ROB  N ) 

DO  210  1=1, NM8RCR 

J,| ♦nhbrpl 

21  HR  I TE (6 , 5 ) X II ) , Y 1 1) ,R (I) , SORT (I) , I NMBCFT 1 1 ,K) ,M *1 ,7 ) , NMB  (I) , J 
5 F0RMATCE13.5,3E19.5,7I3,1X,110,U4) 

C TEST  IF  THERE  ARE  EXTRA  CIRCLES 
1FIHAXC.LE.NMBRCR)  GO  TO  300 
C FILL  IN  EXTRA  CIRCLES  WITH  TRIVIAL  OATA 
ITEMP7xNMBRCR+l 
DO  92  1 = ITEKP7,MAXC 
XI 1 >*9999999. 

Y 1 1 ) *0  . 

R 1 1 1*0. 

00  92  H=1 ,7 

92  NMBCFT ( I ,M) *9 

93  HRI TEI6,94)  ITEMP7.MAXC 

94  FORMAT  t22rtJ*»<1<'  CIRCLES  NUMBERED  , I A , BH  THROUGH , I A, 

'30H  ARE  FILLED  WITH  TRIVIAL  DATA. I 

C COMPUTE  MAXIMUM  NUMBER  OF- 
C PARALLELOGRAM  MINEFIELDS 

3'  MAXP*HAXMMAXP  ,NNBRPL  ) 

MAXMP*MAXP-NHBRPL*NMINP 

c circular  minefields 

MAXC*MAXOIMAXC .NMBRCR) 

MAXMC=HAXC-NMBRrR+NMINC 
C MINEFIELDS 

MAXM=MAXMP+MAXMC 

C NOH  PUNCH  CARDS  ■■■  ^ ^ 

1111  F0RMATI6X, 'BLOCK  DATA') 

hr i is  17,95)  MclDin  Pin  ’ ■& 


'"■■I,  /L f,' l ! I.»'.V I i"1,— 1 ' wM 

WRITE  (7,123) 

123  FORMAT (6X, ' C OMMON/TDD AT A/NHBRCR.NMBRPL , NUMFC , NUN FP ,NMI NC ,NM 1NP • ) v 

KNUMFC*NUHFC  C 

KNHINC  » MAXHC 

IF  (KNHINC)  1015,1015,1117  C 

1015  KNM INC  * 1 l 

1017  WRITE  (7,133)  KNMINC  ( 

133  FOR  HAT ( 6X  , • COMMON/ M 1 NC/MINCt  •»14»*)*)  I 

K-NH1NP  = MAXHP  1 

IF  (KNMINP)  1011,1011,1013  C 

1011  KNMINP=1  i 

1*13  WRITE  (7,132)  KNMINP 

132  F0RHAT(6X,*C0MM0N/N1NP/M1NP(», !«.•>•)  <. 

NTFTR*MAX0(1 .MAXP+MAXC)  i< 

1029  WRITE  17,128)  NTFTR  * 

128  FORMAT (bX,15HC0MMQN/T0/TD(7,,l4,lH| ) ( 

KMBRCR*HAX0(1,HAXC)  l 

1025  WRITE  (7,124)  KHBRCR  > 

124  FORMAT (6X.I7HC0MM0N/TDC/TDC (3, , 14, 1H) ) t 

KM8RPl*HAXJ ( 1 ,MAXP  ) 

1007  KMUMFP*1  v 

10.9  WRITE  (7,4444)  KNUMFP  ( 

4444  FORMAT  I bX,17HCOMMDN/TDFP/TDFP ( ,14, )H))  l 

WR1 TE (7, 5555 ) ' 

5555  FORMAT (6X,33MINTECER»2  TOF C , TDFP , TO ,M1 NC ,MI HP  I ( 

WR1 TE(7»9b)  MAXC , MAXM , HAXP  ( 

96  FORMAT (6X,12HDATA  L IMITC/, 1 4,1 H//6X , 12HDATA  LIMI TM/,  14, 1H// 

•6X.12HDA1A  L1M)TP/,I4,1H/)  < 

WRITE  (7,114)  NMBRPL 

114  FORMAT (6X,12H0ATA  NMBRPL/, 14.1H/1  » 

WRIiE  (7,113)  KXCRCR  c 

119  FORMAT (6X,12HDATA  NMBRCR/, 14, 1H/) 

WRITE  (7,11b)  N'JMFP 

116  FORMAT(6X,11HOATA  NUMFP/, 14, 1H/)  • 

WRITE  (7,117)  NUHFC 

117  FORMAT (6X, 11  HD ATA  NUMFC/ , 1 4, 1H/I  • 

WRITE  (7,130)  NM1NP 

13j  F OR MAT (6X,' DATA  NMINP/' , 14, • /' ) < 

WRITE  (7,131)  NM1NC 

131  FORMAT (6X, 'DATA  NHINC/' , 14, '/' ) - 

DO  5'1  l *1  ,MAXP 

50.  WRITE  (7,109)  I , I , I , I , I , I , I , XH IN ( I ) , VK ( I ) , YI NTS1 ( I ) , Y I NTLR( I ) ,XM( ! 
1),XINTSN(I),X1N!LR(  I ) 

109  FORMAT (6X.11HDATA  TUP ( 1 , , 14 , 8H) , TDP (2 , , 14 ,8H ) , ' 0 P(3, , 14, 8H) ,TDP (4 , 

*,  14 ,8H)  ,1DP(5,,  I4,?l()  ,T/5X,6H°DP!6,  ,I4,BH),TDP  7 , , 14 ,2H) /,  E lb.  8 ,lFi 
»,,E16.8,)H,/6X,1H*,E16.8,1H,,E16.8,IH,,E16.B,)I,  /5X  , 1H,  El  b .8 , 1 H,  , 
•Elb  .8.1H/1 
00  550  1=1, MAXC 

550  WRITE  (7,125)  I , 1 , I , X ( I > ,Y (I) , R( 1 ) 

125  FORMAT (6X,11HD ATA  T DC ( 1 , , 1 4 , 8H ) , TDC (2 , ,l4,BH),T0C(3,,I4,2H)/,Elb.B 
“,lH,/5X,lH*,E16.8,lH,,Elb.e,lH/) 

DO  65  I =1  ,MAXP 

650  WRITE  (7,111)  I, 1,1, I, I, 1,1, (NMBPFT (1 ,J1,J=1,7) 

111  F OR  MAT ( 6X , 1 HDAT  A T D ( 1 , , 1 4 , 7H ) , TD ( 2 , , 1 4 , 7H ) , TD ( 3 , , 14, 7M ) , TO (4, , 14 , t 
,TD(5,  ,I4,2H) , /6X.6H  TD(6, , 14 , 7H  ) , T D ( 7 , , I4,2i  )/,  1 2 . 1 H , , I 2 . 1 H , ,1 
*2,lH,,12,lH,,I2,lH,,I2,li(»,12,lH/) 

DO  51  L=1 (MAXC 

K* l ♦MAXP 

510  WRITE (7, 111 )K,K,K,K,K,K.K. (NMBCF T( L , J ) , J- 1 , 7 ) 

IF  (NUMFP)  600,600,511 
511  DO  512  1=1, NUMFP 
512  WRITE  (7,1261  1,ITRE£P(I) 

126  FORMAT (6X.10HUATA  T 01 P ( , 14 , 2H ) / , 1 4 , 1 M/  ) 

60  • IF  (NUMFC)  211,211,611 

611  DO  612  1 = 1 *NUNf  C 
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127  FOKHAT 16X.1  HDATA  TDFC ( , 16 ,2H ) /, 16 , 1H/ ) 

211  1 F I MAXNC 1 7'6,7  6,75 

705  00  706  1 * 1 1 MAXHC 

1F(  l.GT.NHINC)  HINC(l)  > J 
7 '6  WRITE  (7,1361  l.MINCU) 

136  F0RHA1 ( 6X , 'OAT  A Ml NC ( • , 16 , • 1 / • , 16 , • / * ) 

706  IFIMAXMP)  707,777,708 
708  DO  709  1«1,NAXHP 

IF(  l.GT.NMINP)  HINP(I)  « 0 
709  WRITE  (7,135)  I,N1NP(I) 

135  FORMAT (6X, 'DATA  MI NP ( • , 16, • I / • , 16, • / • 1 

707  CONTINUE 
WRITE  (7,2222) 

2222  FORMAT (6X,3HFND) 

STOP 

END 

SUBROUTINE  XVCONV(X.V) 

XDF  » X - 67723.17 

IFIY.LT. 88000.0)  Y « V ♦ 100000.0 

YOF  * V - 89967.98 

ANG  - 0.89980 

SINE  * SJN(ANG) 

COSINE  * COS(ANG) 

X - XDF  * COSINE  ♦ YDF  * SINE 
V * YDF  • COSINE  - XDF  • SINE 
RETURN 
END 

SUBROUTINE  XYCCNV  ( XP , YP , ANG ,X IN,Y IN  ,XOUT ,YOUT ) 

S INE*S I N( ANG ) 

C0S1NE*CDS(ANG) 

XOUT=XlN»COSINE*YlN*SlNE 

YOUr*YIN“COSINt~X  IN'-'S  INt 

XOUT*XOUT«XP 

YOUT*YOUT  *YP 

RETURN 

END 

/• 

//G.FT06F001  DD  SYSOUT*A , DCB* (RECFM*FBA,LRECL«133,BLK! 
//G.FT  7F7C1  DD  UNI T * SAVE  ,D  I SP  = ( NEW.CATLG  ) , 

//  DC8*(RECFM-FB, LRECL*80,BLMSIZE*6600 ) , 

//  SPACE=(TRK,(9,5),RLSE),  * 

//  DSN*NAHE.COEA.NWEST .FEATURES 

//G  .FT  BF  'Cl  DD  DUMMY 
//&  . SYS1N  DD  • 

F 


DD  SYSOUT*A , DCB* (RECFM*FBA,LRECL*133,BLKS IZE 
DD  UNITsSAVE,DISP=(NEW,CATLG), 

DC8*(RECFM=FB, LRECL*80,BLMSIZE*6600 ) , 

SPACE  = (TRK,(9,5),RLSE  ),  * 

0SN*NAME . COE  A .NWE ST .FEATURES 
DD  DUMMY 


6386) 


3 53 

1 669. 
9896. 
9567. 
8938. 
7162. 
71  36  . 
65  21  . 
65  79. 
1616. 
9667. 
96  56  . 
9668  . 


25  7 

23  5.1'6'6.  12  3 
677.10262.  -131 
1097.  9609.  652 

619.  9C53.  -70 

517.  7262.  6 1 

668.  7157.  693 


2 3.  9686. 
131.  9995 
652.  9272. 
-70.  8899. 
6 1.7  ”3  . 
693.  6956. 


1826.  9569.  2927. 


9650.  697. 

9239.  1070. 


-111.  9650. 

625.  9230. 
-181.  8783. 
236.  6923. 
518.  6932. 


1157.  6617.  856. 

796.  6688.  665. 

6! '5.1  157.  32  8. 

716.19570.  326. 

1636.  9771.  1387. 
995.  9781.  1037. 


856.  5950.  1007.  6056. 
665.  61"6.  615.  6196. 

32  8.  9 26.  3853.  9207. 


5710.  5772.  6808. 


9762. 
9921  . 


9097.  2052.  9331.  1792.  915.-, 


630.  9626. 
665.  9789. 
1698.  8916. 


1815. 
e 75. 


9.  68. 
6821  . 


1681  . 
656. 


8 5:. 
6726. 


2368. 

629. 


5027.  6276.  69)5.  5936.  67^8. 


8122  . 
6665  . 
5862. 


929 

1159. 

289. 


6978. 


751.  6012. 


5.8  . 
351. 
566. 
13  9. 

656. 
6587. 
6166. 
678  . 
603. 
1959. 
25  2. 

85  >. 
6830. 
793. 


5705.  1196.  5513.  1061.  5683-  1995. 


6665. 


3793.  -219.  3660 


9 

3 16 

0 

3 17 

f. 

3 18 

7 

3 19 

0 

3 20 

3 21 

*• 

3 22 

3 23 

0 

3026 

0 

3027 

0 

3028 

3 29 

• 

3 >31 

3 32 

<* 

3:33 

0 

3036 

0 

3035 

0 

3 36 

ft 

3 037 

nm-,,  1 
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2 I 1 7 . 

353V  . 

1396. 

5701  . 

5047. 

90  1). 

5313. 

7983. 

33  1 . 

8776. 

2308. 

8789. 

2229. 

8483  . 

1395. 

8647. 

5304. 

6635  . 

34  64. 

5767. 

3461  . 

8043  . 

1593. 

7088. 

4274. 

619  . 

3748. 

64  34  . 

2035. 

5612. 

431'.  . 

513.  . 

4769. 

5003. 

4463. 

456  >. 

2840. 

3765. 

40  74. 

9262. 

4567. 

BB  61  . 

21  7. 

9139. 

767. 

6593. 

3340. 

5777. 

1048. 

5653. 

7 6. 

5186. 

1113. 

9342. 

15)6. 

89  76. 

1418. 

8062. 

4721 . 

•7894 . 

4292. 

7144. 

3900. 

7593. 

2027. 

75  54. 

1292. 

7608. 

1271. 

7285  . 

2396. 

7369  . 

2258. 

7225. 

41  3. 

7^82. 

3834. 

7013. 

3828. 

7017. 

875. 

7121  . 

856. 

66  79. 

43  70. 

6429  . 

3337. 

6548  . 

21  CO. 

64  26. 

4782. 

5322  . 

3425. 

5278. 

3864. 

5225  . 

38  98. 

4821  . 

2691  . 

4265. 

1721. 

3192. 

3910. 

4.27. 

289. 

4346. 

3147. 

9419. 

5 94. 

8658  . 

792. 

3816. 

5000. 

38  15. 

49  /2. 

3994. 

4219. 

105  52  . 

2 3 46. 

1)3 35. 

33  30.: 

9319. 

1231  . 

8648. 

35  25. 

86  09. 

33  78. 

0450. 

2700. 

19  1.1  . 

11  W. 

yrrrr 

3633. 
5712. 
9755. 
6313. 
8939 . 
8876. 
8466 . 
8657. 
6417. 
5659. 
8172. 
7147. 
6537. 
6642. 
5369. 
5223. 
5166. 
4635. 
3829. 
9315. 
9251. 
9425. 
6774. 
5838 . 
5727. 
5353. 
9390. 
9031 . 
8.87. 
8066. 
7683. 
7722. 
7579. 
7640. 
7344. 
7454. 
7257. 
7044. 
6987. 

7 42. 
7143. 
6866. 
6593. 
6617. 
6473. 
5358. 
5303. 
5253. 
4846. 
4296. 
3224. 
4:  88. 
4131. 
9438. 
8728  . 
3993. 

4 52. 
3979. 
10577. 
1)374. 
94  '3. 
8449. 
9265. 
9308. 
H253. 


-77. 
4826. 
5359. 
24  4. 
2 341 . 
2355. 

4 72. 
5082. 
3299. 
3259. 
1287. 
41  4. 
3411  . 
1919. 
3846. 
4652. 
4260. 
2747. 
3818. 
4 532. 
1971. 

586. 
3178. 
1009. 
47  J . 
824. 
1435. 
1379. 
469  J • 
4223. 
3803  . 
1785. 
1260. 
1232. 
2290. 
2185. 
4064. 
3561  . 
3617. 
843. 
832. 
4135. 
3184. 
2 015. 
4691  . 
3364. 
3832. 
3867. 
2659. 
16  82. 
3757. 

196. 
2934. 
-273. 
-240  . 
4718. 
4291  . 
4 IS. 

-54. 

2152. 

517. 
2430. 
28  2. 
1965. 
1121  . 


3465. 
5420. 
9691  • 

8 46. 
8311  . 
8552. 
8179. 
7519. 
5542. 
4974. 
8054. 
6874. 
6378. 
6446  . 
5111  . 
5176. 
4774. 
4344. 
3713. 
9339. 
9253. 
9462. 
6735. 
5600. 
5694. 
5278. 
9294. 
8873. 
7947. 
8017. 
7621  . 
7629. 
7426. 
7457. 
7321. 
7415. 
7238  . 
6990. 
6940. 
6953. 
6984. 
6835. 
6559. 
6551. 
6387. 
5326. 
5258. 
5219. 
4742. 
4238. 
3185. 
4 26. 
4 62. 

9 38. 
8372. 
3571  . 
3691  . 
3758. 
9733. 
9593. 
87K  . 
8110. 
8733  . 
9161  . 
8'..  5 7. 


— dir: 
-289. 

TTrTT 
340  1 . 

— 42 ; . 
1163. 

w 

1 

u 

0 

a03V 

4822. 

54'  9 . 

5 44. 

> 

J 

0 

2 

0 

3 

4' 

5167. 

8946. 

5121  . 

0 

3 

5 

ft 

0 

3 

41 

2 582. 

7726. 

3478. 

*t 

4 

r. 

c 

r 

3 

42 

241 1 . 

8148. 

2677. 

0 

3 

4 

0 

0 

0 

3 

43 

1117. 

8465. 

1291. 

0 

3 

1 

0 

0 

0 

3 

44 

703. 

8196. 

1626. 

0 

3 

3 

0 

0 

0 

3 

45 

4312. 

7509. 

4 534. 

0 

3 

4 

0 

0 

■0 

3 

46 

3294. 

576  . 

3469. 

ft 

3 

4 

ft 

0 

ft 

3 

47 

2980. 

5082. 

3182. 

3 

4 

3 

0 

3 

48 

795. 

7925. 

1101  . 

0 

3 

4 

0 

i; 

3 

49 

3886. 

6415. 

4v56 . 

r 

3 

4 

G 

•* 

3 

5' 

3130. 

6,031  . 

3467. 

r 

j 

3 

0 

0 

0 

3 

51 

1443. 

6238. 

1559. 

o 

3 

4 

0 

0 

•. 

3 

52 

3896. 

5354. 

436  . 

* 

4 

0 

0 

0 

3 

53 

4615. 

5083. 

4 732. 

Q 

3 

4 

0 

0 

0 

3 

54 

.4254. 

4611  . 

4457. 

(, 

ft 

4 

0 

0 

* 

3 

55 

2374. 

4269. 

2467. 

0 

3 

4 

0 

0 

0 

3 

56 

3802. 

3649. 

4058. 

j 

*1 

4 

ft 

0 

n 

3 

57 

410  3. 

9286. 

4138. 

S\ 

4 

ft 

0 

ft 

3 

56 

1921  . 

8863. 

2057. 

0 

3 

4 

0 

0 

0 

3 

59 

475. 
3147. 
932. 
431. 
654. 
1390. 
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3 52 

175. 

5 

3 53 

153. 

5 

3 55 

25j. 

5 

3 55 

260. 

5 

3 56 

150. 

7 

3 58 

103. 

1 

3 60 

133. 

5 

3 70 

75. 

2 

3 75 

230. 

2 

3 79 

70. 

7 

3 83 

125. 

7 

3 87 

233. 

7 

3 88 

203. 

7 

3 95 

150. 

2 

3105 

75. 

5 
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203. 

5 

3117 

203. 

5 

3118 
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5 
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1.  The  cover  code  requires  that  two  parameters  be  specified  for  each 

point  on  the  terrain:  the  macroterrain  standard  deviation  and  the  power 

spectral  density  constant.  The  microterrain  standard  deviation  is  used 
to  randomly  modify  the  elevation  of  a qiven  point  on  the  terrain;  the 
power  spectral  density  constant  is  one  factor  that  determines  the  proba- 
bility of  achieving  hull  defilade  when  a moving  firer  is  seeking  a firing 
position.  A complete  explanation  of  these  concepts  and  the  uses  of  the 
numbers  is  given  in  the  section  entitled  "Cover"  starting  on  page  2-29, 

Report  AR  69-2A,  The  Tank  Weapon  System,  Systems  Research  Group,  September 
1969. 

2.  The  data  requirements  for  estimating  accurately  the  power  spectral 
density  function  are  so  stringent  that  this  procedure  has  only  been  done 
once,  for  terrain  at  Fort  Knox,  Kentucky.  (See  description  of  Aliasing, 
page  196-198,  Report  fio  RF-573,  AR  66-2,  The  Tank  Weapon  System,  Systems 
Research  Group,  December  1966.)  Since  the  Fort  Knox  terrain  is  the  only 
known  data  that  meet  the  requirements  for  estimating  the  power  spectral 
density  function,  it  seems  reasonable  to  use  that  data  as  a basis  for 
determining  the  power  spectral  density  constant  required  by  DYNTACS(X). 

This  procedure  assumes  that  all  terrains  will  have  characteristics  similar 

to  the  Fort  Knox  terrain.  Although  this  assumption  is  obviously  unwarrented, 
the  procedure  based  on  it  still  seems  preferable  to  the  present  system  of 
equating  the  power  spectral  density  constant  with  the  microterrain 
standard  deviation.  This  is  true  for  two  reasons:  1)  under  the  suggested 

procedure  the  terrain  will  have  some  effect  on  the  probability  of  achieving 
hull  defilade,  and  2)  the  firing  tactics  will  also  impact  on  the  value 
used.  See  annex  A-I  for  a more  complete  discussion. 

3.  The  microterrain  standard  deviation  can  be  empirically  estimated,  but 
the  procedure  is  not  completely  objective.  The  microterrain  standard 
deviation  is  a measure  of  the  deviation  between  the  "actual"  terrain  and 

the  macroterrain  surface  represented  in  DYNTACS(X).  DYNTACS(X)  traditionally 
uses  elevations  at  approximately  lr)T  meter  intervals.  If  elevation  data  are 
available  at  a greater  resolution  than  100  meters,  then  sufficient  informa- 
tion exists  to  allow  the  estimation  of  u.c  microterrain  standard  deviation. 

A description  of  the  overall  procedure  fo, ’ows. 

4.  The  terrain  area  is  subdivided  into  smaller  areas,  which  are  judgmental ly 
selected  so  that  the  type  of  terrain  is  relatively  constant  throughout  the 
area.  If  the  areas  are  small  enough  or  the  slope  gentle  enough,  the  assump- 
tion that  the  microterrain  standard  deviation  is  constant  within  a given 
area  should  be  valid.  After  subdividing  the  terrain  into  areas,  the  micro- 
terrain  variance  is  estimated  (see  annex  B-I)  for  each  area.  Then  the 
variance  for  each  of  the  areas  is  compared  to  each  of  the  others  using  an 
F-test.  Whenever  the  F-test  indicates  that  two  or  more  areas  have  "essentially 
the  same"  variance,  the  areas  can  be  qiven  the  same  cover  index.  The  final 
parameter  value  assigned  to  this  index  can  then  be  computed  by  averaging 
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the  variances  (weighted  by  the  number  of  data  points)  from  all  areas 
with  the  same  index  and  then  taking  the  square  root  of  the  result. 


1.  The  equation  that  provides  the  probability  of  achieving  hull  defilade 
by  a moving  firer  who  is  assuming-^  temporary  firing  position  is: 

p = TDEC0V(2)  exp  ( -0. 5 ( HA/TDECOV ( 1 ) )**2)  (1) 

TDECOV(l) 


where:  TDECOV(l)  3 * microterrain  standard  deviation 

TDEC0V(2)  = power  spectral  density  constant 
HA  = height  of  cover  desired 

TDEC0V(2)  is  further  defined  by  the  equation: 

Kf^w^SfwJdw)*5  (2) 

where:  K = a constant  depending  on  vehicle  characteristics  and  tactics 

SW  = the  power  spectral  density  for  a given  terrain  area 

(See  page  2-35  to  2-38,  Report  AR  69-2A,  The  Tank  Weapon  System,  Systems 
Research  Group,  October  1969.) 

2.  Therefore,  according  to  the  DYNTACS(X)  documentation,  the  probability 
of  hull  defilade  should  depend  on  three  things:  the  terrain  constants 

(TDECOV(l)  and  TDEC0V(2)),  the  vehicle  characteristics  (width  and  stopping 
distance),  and  tactics.  The  last  two  factors  present  no  problem;  the 
vehicle  characteristics  and  tactics  can  be  determined  with  little  difficulty. 
A procedure  for  determining  TDECOV(l)  is  given  in  annex  B-II.  Only  the 
determination  of  TDEC0V(2)  remains  unresolved. 


3.  As  indicated  by  equation  2 above,  the  power  spectral  density  constant 
depends  on  both  tactical  and  terrain  considerations.  The  tactical  para- 
meters can  be  determined  by  an  examination  of  the  tactical  doctrine  to 

be  represented.  However,  the  evalual'on  of  the  integral  in  equation  2 is 

troublesome.  As  noted  in  appendix  B,  the  function  S(W)  can  be  accurately 
estimated  only  if  precise  data  are  availaL  e.  In  general,  these  data  have 
not  been  collected.  A procedure  for  determining  the  value  for  TDEC0V(2) 
is  required  in  the  absence  of  the  necessary  data.  It  must  be  acknowledged 
in  advance  that  any  procedure  proposed  in  the  absence  of  sufficient  data 
will  be  less  than  accurate.  However,  it  should  make  use  of  all  available 
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4.  The  data  collected  at  Fort  Knox  were  analyzed  by  Stollmack  and  Lodbill 
and  presented  in  figure  90,  page  204,  Report  FR-573,  AR  66-2,  The  Tank 
Weapon  System,  Systems  Research  Group,  December  1966.  This  figure  presents 
the  estimated  power  spectral  density  for  t£e  Fort  Knox  terrain.  Using  the 
information  in  this  figure,  the  integral  Jf  S(W)wzdw  can  be  evaluated  for 
the  Fort  Knox  terrain  by  computing  the  area  under  the  graph.  This  Fort 
Knox  value  can  then  be  used  in  the  determination  of  the  TDEC0V(2)  value 
required  for  DYNTACS(X). 

5.  The  weakness  in  this  procedure  is  obvious;  it  assumes  a constant  power 
spectral  density  for  all  terrains  used  in  DYNTACS(X).  This  assumption  Is 
unwarrented  but  required  until  data  are  available  from  the  terrain  presently 
used  in  DYNTACS(X). 

6.  The  advantages  of  this  procedure  are  as  follows;  , 

a.  The  variation  in  terrain  will  have  some  effect  on  the  calculated 
probability  because  the  appropriate  microterrain  standard  deviation  will 

be  used  (see  equation  1).  $ 

b.  The  effects  of  vehicle  characteristics  and  tactics  will  be  explicitly 
represented.  The  probabilities  involved  will  conform  to  changes  in  these 
factors  In  a reasonable  way. 

7.  The  advantage  in  this  suggested  procedure  will  perhaps  be  more  recogni- 
zable when  It  is  compared  to  the  procedure  utilized  In  the  past.  Tradition- 
ally, the  TDEC0V(2)  value  has  been  set  equal  to  the  microterrain  standard 
deviation  (TDECOV(l).).  Therefore,  the  traditional  procedure  Ignores  all 
effects  of  vehicle  characteristics  and  tactics  by  assigning  an  arbitrary 
value  to  TDEC0V(2),  which  should  vary  with  changes  in  these  values.  The  ' 
probability  of  achieving  hull  defilade  will  not  vary  with  changes  in  terrain 
because  the  ratio  of  TDEC0V(2)  and  TDECOV(l)  Is  always  one.  Furthermore, 
the  traditional  procedure  fails  to  take  advantage  of  the  data  collected 

at  Fort  Knox. 


8.  The  accurate  evaluation  of  the  power  spectral  density  constant  remains 
an  unresolved  problem.  It  appears  that  It  will  be  resolved  only  when 
financial  resources  are  made  available  to  collect  the  required  data  and 
personnel  resources  are  made  available  to  analyze  the  data.  The  priority 
attached  to  this  project  will,  of  course,  depend  on  the  assessment  of  the 
adequacy  of  the  suggested  procedure  and  the  importance  this  one  parameter 
has  to  model  results. 


* 
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ANNEX  B-II 


' 


MICROTERRAIN  STANDARD  DEVIATION 


4 1 i \ F 

1 a 2 b 3 


Figure  B-II-1  Terrain  Representation 


1.  In  figure  B-II-1  points  1,  2,  and  3 represent  base  elevations,  which 
would  be  stored  in  the  DYNTACS(X)  elevation  matrix.  The  straight  lines 
connecting  points  1 and  2 and  points  2 and  3 represent  the  macroterrain 
surface  as  Interpolated  by  the  DYNTACS(X)  ELVATE  routine.  The  dotted 
line  represents  the  actual  terrain  surface.  Points  a and  b represent 
Intermediate  points  where  the  "actual"  elevation  is  known.  (These  points 
are  available  on  a DMA  tape  because  elevations  are  given  every  12.5 
meters.  When  information  is  requested  from  WES,  a resolution  greater 
than  that  used  in  the  model  must  be  requested.  For  example,  if  the  user 
intends  to  use  elevations  at  100  meter  spacing  in  the  model  run,  then,  at 
a minimum,  elevations  at  50  meter  intervals  will  be  required  for  this 
estimation  procedure.) 

2.  The  signed  difference  in  elevation  between  the  "actual"  terrain  and 
the  Interpolated  macroterrain  is  determined  at  each  intermediate  point. 

(The  word  "actual"  is  In  quotes  because  the  information  provided  by  DMA 

or  WES  Is  Itself  an  interpolated  v lue  based  on  the  contour  lines  of  a map.) 
These  differences  are  then  used  to  estimate  the  variance  of  the  differences 
using  the  formula  « - *(xi  - X)2  . 

h 

3.  Two  cautionary  notes  are  in  order.  The  formula  is  based  on  the  assump- 
tion that  the  individual  measurements  are  independent.  If  one  uses  points 
that  are  too  close  together,  intuition  suggests  that  the  measurements  will 
not  be  independent.  Second,  if  measurements  are  taken  only  at  the  midpoint 
of  each  interval,  one  may  bias  the  result  by  measuring  at  that  point  where 
the  deviation  is  greatest.  Either  a subjective  determination  must  be  made 
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with  respect  to  these  conflicting  considerations  or  an  extensive  examination 
of  correlations  between  deviations  measured  at  different  intervals  must  be 
undertaken. 

4.  If  the  user  has  card  image  information  from  WES,  the  program  to  estimate 
variances  is  trivial  to  prepare.  If  one  is  using  a DMA  elevation  tape,  the 
procedure  Is  slightly  more  complicated.  A program  to  use  a DMA  tape  Is 
Included  at  inclosure  B-II-a. 


DT03,T750.NT1,P1.  .HURRAY 
ASK.TN-TETAM.TA-lSAGA.VP-Ol.OS-ATCACAM, TA-TS 
SN.INTP-A0B5. 

A0EL^INTP,L^HLHA17551VNE,R,D*HD, 

TN,LR. 

63..  -■  


- PROGRAM  M ICROTC  INPUT,  OUTPUT, 0TTP,1NTT>, TAPE6-OUTPUT,TAPE3=INTP,TAPEOOO 

15-INPUT, TAPEB-OTTPJ  003 

— DIMENSWN-HM20S04 ; 

DIMENSION  INBFI300)  003 

I • JP*0 — • 

3J.M0IF  -0.0  • 

- SUMPT-~-0.0 - - 

SJ1S0-0.0 


— 000 
000 
003 
000 
ooo 
000 
—000 
000 
- 000 
000 
- 003 
000 
— 000 
ooo 

003 

READIIUCR.10  1 1X1  ,IY1  , I Y2, 1 X2.N2DELT,  SC  ALE  , NREC'SL.ZMAX  ,LUOT  • 1CHEK  000 

10  - F3RHA*<5IIO,FI0«0,I10,F6‘.Ot*I2!  - --  — - OOO 

IFIEDFILUCR 1)500,501  1 

—5  0 l-jU^NiOOtTW-OR  MT 003 

KN-Kl ♦ABB  OOO 

NIRAIL^NRECSL-I - OOO 


INITIAL! IE— I HE  PROGRAM-VARIABLES  AND 
READING  THE  FIRST  INPUT  RECORD 


OMSTAXTS  FOR 


LJPR-6 
NF0RMT--13 
1 SPACE-0 

Nl-1 

N2-2 


READ-  IHE-E4AST- PH  YSI CAL-AECOAD  UN1T—FJ10N  THE  INPUT-TAPE 


BUFFER  INILUIT.JP ) (INBF(1) ,1NBF(300)) 

I F ( UNI  T.IL-JI  T ))  1 1 ,220  ,11 

CONTINUE 

DEC QD EC  60, 23,1  NBF.il ) ) I R C , 1RN,  1 D TAPE , NS • 1 RN  ,1 DF  ILE.N S,  IRN  • IX  , ISL 
FORMAT  C101 6) 


MAX-9 

DEC ODET 60,20,1  N3F(7))lYMINf(NI(M) ,M-MF  T .MAX ) 
MFT-10 


00  1A  J-13,300 ,6 

J)£CHD£_1 63,20 , 1NBFIJ  J J_LNZ (Ml  ,N=MEI,tlAXJ 
MAXMAX+10 

MPT-MFTUO  _1_  

CONTINUE 

DO  -17-2-1,2  - - 

BUFFER  INCLJIT.JP  Ml N^F  (1)  ,INBF(300)  ) 


r 


> 

1 

> 

I 

I 

I 

I 

I 

I 

I 

I 

j§ 

I 


C CACULATE  NU1  OF  GPS  3 F 15  ELEV  PTS  IN  SCAN  VINE 
NUHSET*UV2-IVl-l)/7 
1 F ( NUMSET  «LT *11  GO  TO  202 

ixis*m«i 

03  231  I T*l , NUNSE  T 

C SET  INDEX  FOR  1 ST , 5TH, 1 0TH,AND 1 5TH  POINT  OF  SET 

1X5~I1X«4 

- -1X10*11X49 - - 

. 1X15*11X414 

t CA C-ULAT-E— EVEN— C-H A NGE - 

WRlTEIS,6Dl>NZ(IIX},NZf 1X5 ),  NZ ( 1X10 ) 

--  SOI -F3RMAt(3I-5) - ----- 

CHNG*NZ IIX15I-  NZIIIX) 

C -CACULATE-DIFF  BETWEEN-  INTERPOLATED  AND-  ACTUAL- 
DIFF1=FL0AT(NZ<  1X5)  )-( FLOAT  ( NZ.  f 1 IX  ))4l  ./3.»CHNG1 

0 1 F-F-2 *F- LOA-T-4 NZ-I-I  * 10-)4j-4-F-L-0  A-T-l 4* Z-C4 1 Xn*2./3.*CHNGI 

C ADD  PTS  T3  DATA  BASE 

SU1S0=SUNS3— 4DIfF4**24DIFFi**2 

SUHDIF»SUHDIF«DIFF14DIFFZ 

SUMPT=SOHPT42»0 

201  CONTINUE  * 

GO— T0-2-00- 

202  CHNG  =NZU)-NZ(l) 

— DIFF1*FL0AT(NZ(2I) -l FLOAT ( NZ ( 1 11 *1 ./-2.*CHNGI 

SUHSQ«SUNSa4DIFFl**2 

- SUNDIF-SUMIFfDIFFI — - 

SUNPT*SUNPT«2.0 

— 2-00-1  S*4Tt«NA  ECSL-*  t NZD  ELT-14 r 

KN*K14494 

ISX1P  * NREtSLMNZ0E4.T-l» » 

210  CONTINUE 

— ST0DEV*SUXSD/SU4P-T~4SUMDIF/5UMPT  1**2 

5S*STDDEV*»0.5  * 

UX I-TE4  L4JIU^3034ST-D0^  V,S4HP4^^y-,NX-,^Z-DtLJ-,  SS 

300  FOR  HATH  HO  tlAHTHE  VARIANCE  IStF)0.1t/24H  THE  NUMBER  OF  PTS  EQUAL.F7 
_ .9 t-/31-H -NUMB ER-3F- -POINTS — SCAN  LINE — IS,  I 5 ,/31H -JHE- -NUMBER  -OF—SCAN 

-LINES  EQUAL, 15, /36H  THE  NUMB  OF  PTS  SXIPED  EACH  READ  IS,I5,/15H  TH 

*£_S  ID- DEV-  IS,F10.U - 

220  REWIND  LUIT  OOD* 

03— 10._1 

c goo: 

5 00  STOP - 000' 

END  000< 


IF  (UNIT(LJ1T))15.220.15 

15  MFT=500*I-( 1*3) 

HAX*MFT*B 

— 0EC00E<60,23,lN3FUn- I AH , 4 M 2 < M 1 ,M=MFT,MAX> 
MFT=MFT*9 

MAX«MAX*10  - - — 

03  16  J>7.300»6 

OECClDEUO,  20.1NBFI  J|)  I NZt  M I ,M*=M  FT  .MAX  J — 
MFT=MFT*10 

MAX  =MAX+10 

16  CONTINUE 

17  CONTINUE 


CALCULATE  THE-RESOLUTION  OF  THE-GENEAATEO  NAP  AND 
THE  BOUNDARIES  3F  THE  GENERATED  RECTANGLE  AND  THE 
-NUN  Af-R— OF — SC4-N— L-I-NE-5— AN-O-N  UM  A ER— Q F— PTH-NT-5 — P-E  ft— 4 CA  N 
LINE 


NYMIV2-IYII/NZ0ELT+1 

N X » 44  X 2-1X1 17  N 23  ELT+I 

E*NZDELT*C5CALE*.01*»025AI 

N<Y«=NY*NX 

YMAXMNY-1)*E 

XM  A X*T  NX  ~TI  * E — 


-NRI  T£- -THE— 3 OUNDAR  Y AND-SCALE  -INFORMATION-ON— THE 
PRINTER 


WRI TE(LUPR.AD)  NS .SCALE , E, NX Y , NX , XMAX, YMAX , IMA* ,1 XI , I Y2, 1X2 , IY2,  00 

— l-I-Xlrt-I-YlVI-W-?  I-Y 1 00 

FORMAT (IH  . 51 H *•*•*••******••***  M A P G E N • •••••••••••♦••••••/OQl 

— 13H — **A4X,1H*/3H — *-.7-X.  10HSHE4ET— ND.-r-«I6r25X«  IH  */3H — *»7X* 13HNAP  SCOO 
2ALE  l ,FlD.0.19XtlH*/3H  • . 7X . 1 1 HRE S3LUTI ON  METERS  »16X,  00 

ASCAN  LINES  • 13,17X,IH*/3H  *,7X,6HXMAX  . * 00 

5FA . l^7H— NETEAS-.20JC-* L4t*/-3W — *,7X*4HYMAX .EB.1,7H-METEAS.20X.  IH*/-  00 

63 H *»  7X .6H2MAX  ,FB.l,7H  METERS , 20X ,1 H*/3H  ♦ ,7X . 1 1HC03RD I NATFS , 00 

—7 2H  t,  14*4  H*  ♦ I A , 6HJ C-.44, l-H* *4 A*44i4-,  3X*IH*/3H — *.19X.1HU  i A*  IH  * f 00 

B1A.6H)  (,  IA,1H,,IA,1HI.3X,1H*/3H  • , A 9 X , l H *'/  52  H •••*••••**•♦••00 


IF C ICHEK.SE. 2.)  GO  TO  65 
5—1 -SK  IP*4IXl=IX4  *NRtCSLr=3— 


-IF  _SK I P — 1-S- E QU  AL— 1-0— =4 — T-HE — F-  IRSJ-SCAN-UNE-OF-THE 
INPUT  TAPE  IS  THE  BOUNDARY  OF  THE  RECTANGLE 


IF(I5KIP.E3.-l lKN*Kl*A8B 


BEGIN  PRQCESSIN 


-T-H  E~  E4E V-A  T4  ON 


POINTS  IMMEDIATELY.  IF  SKIP  IS  EQUAL  TO  ZERO 

—THE — SECOND— 1NE-XT4 — R E CORD-44  IH  E_ B OUND ARY — FOR.  J-HE 

RECTANGLE.  IF  ISK1P  IS  GREATER  THAN  ZERO  ONE  OR  MORE 


PHYSICAL  RECORD  MUST  BE  SKIPPED  TD  REACH  THE  B UUMD ARY 
3F  THE  RECTANGLE. 

skip  over  i ski p physical  rfcords  rn  the  boundary  of 

THE  RECTANGLE  BEFORE  BEGINNING  TO  PROCESS  DATA 

FORMAT (lX,bHlSKlP=,I6l 
IF ( ISKIPI93.90, 70 

DO  BO  1 =1 » I SK I P — - 

BUFFER  IN(LUIT.JP) (lNBF(I),lNBFf300)) 

IFF  UNIT ( LUIT  1 1-71,2^0,71 

CONTINUE 

DECODE(lO,72,INBF(l)l  JRC,IFILL — - 

FORMAT  ( I b.  I A ) 

CONTINUE  - — - — 

KN=K1+A9A 

-BUFFER  I-N< tUIT, JP-M4-NBF4  14,IN8F-t  30044 

IF ( UNI T (L JIT ) I 91,220.91 

CONTINUE 

MFT=*I 

MAX  =5 — 

DECODEIbO.20.lNBF (1 ) ) I RC, IR N, IX , 1 SL , l YMI N , l NZ  <M) ,M=KFT .MAX ) 

M FT  -*-6 - — — - - 

MAX  =*15 

DO  92  J*7,300,b * 
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APPENDIX  C 
ORGANIZATION 


1.  The  organization  specified  in  the  organizational  commons  controls  the 
grouping  of  elements  and  units  as  they  move.  The  organization,  therefore, 
is  important  only  to  those  vehicles  that  will  move  during  the  course  of  the 
battle.  Normally  that  will  mean  that  only  the  attacker's  organization  will 
be  important.  The  one  exception  to  this  rule  is  the  defending  COP.  The 
vehicles  that  compose  the  COP  must  be  grouped  together  in  one  or  more 
maneuver  units  so  that  they  will  be  able  to  withdraw  from  the  COP  in  a 
realistic  manner. 

2.  Before  continuing  the  discussion  of  organization  it  is  necessary  to 
define  some  terms  as  they  are  used  in  DYNTACS(X).  Individual  vehicles 
(ground  or  air)  are  called  elements.  A section  is  a tactical  grouping  of 
from  one  to  four  elements.  A platoon  is  a tactical  grouping  of  either  one 
or  two  sections.  A team  can  be  composed  of  from  one  to  seven  platoons. 

3.  An  additional  consideration  in  DYNTACS(X)  is  the  designation  of  maneuver 
units.  A maneuver  unit  is  a number  (possibly  one)  of  elements  that  select 
routes  and  move  in  formation  as  a unified  whole.  Any  level  of  organization 
can  be  designated  as  a maneuver  unit.  Once  a group  of  elements  has  been 
designated  as  a maneuver  unit,  it  is  not  included  in  any  further  organiza- 
tional grouping  (e.g.,  a section  level  maneuver  unit  is  not  assigned  to  a 
platoon  or  team). 

4.  The  level  at  which  maneuver  units  are  assigned  is  an  important  one.  An 
improper  choice  may  adversely  affect  the  tactical  realism  of  the  battle  or 
unnecessarily  increase  the  model  running  time.  Some  aspects  of  the  problem 
to  be  considered  are  as  follows: 

a.  Only  the  maneuver  unit  leader  selects  a route.  All  other  members 
of  a maneuver  unit  guide  on  the  leader  according  to  the  unit  and  subunit 
formations  directed  by  the  maneuver  unit  leader.  If  the  maneuver  unit  is 
large,  then  a portion  of  the  unit  may  be  forced  to  traverse  inappropriate 
terrain  in  order  to  maintain  the  prescribed  formation.  This  may  result 

in  a portion  of  the  maneuver  unit  bein-  unduly  exposed  to  enemy  observation 
and  fire  or  it  may  mean  that  a portion  of  the  unit  is  forced  to  traverse 
terrain  that  blocks  all  opportunity  to  establish  line  of  sight.  (The 
multiple  paths  in  the  route  selection  procedure  are  only  used  to  establish 
travel  time.  See  AR  69-2A,  page  5-44  and  appendix  F,  this  document.) 

b.  The  maneuver  unit  reacts  as  a whole  when  any  element  in  the  maneuver 
unit  encounters  a minefield.  The  size  of  the  maneuver  unit  should  approxi- 
mate the  unit  that  would  be  expected  to  react  to  a minefield.  (In  the 


middle  ranges  the  entire  maneuver  unit  will  form  into  a column  and  plow 
when  reacting  to  a minefield.) 

c.  When  an  element  in  a maneuver  unit  is  slowed  down  (traversing 
difficult  terrain,  stopping  to  fire,  etc.),  the  entire  maneuver  unit  reduces 
its  speed  until  the  lagging  element  is  able  to  catch  up.  With  a large 
maneuver  unit  this  behavior  may  significantly  reduce  the  desired  rate  of 
advance. 

5.  All  these  factors  have  pointed  to  a small  maneuver  unit  being  desirable. 
However,  the  following  considerations  indicate  the  desirability  of  large 
maneuver  units: 

a.  Each  maneuver  unit  selects  its  route  with  respect  to  its  input 
routes  and  the  enemy  situation.  It  does  not  consider  the  behavior  of 
other  friendly  units  during  the  decision  process.  With  a number  of  small 
units,  it  is  possible  to  have  several  maneuver  units  attempt  to  use  the 
same  piece  of  desirable  terrain  simultaneously.  This  could  produce  a 
tactically  unrealistic  massing  of  the  attackers  during  the  advance. 

b.  Each  maneuver  unit  must  execute  the  route  selection  routines. 

These  routines  are  lengthy  and  time  consuming.  The  greater  the  number  of 
maneuver  units,  the  longer  the  running  time  for  a given  number  of  elements. 

This  will  have  obvious  cost  implications  where  computer  time  is  being 
purchased. 

6.  After  an  analysis  of  these  factors,  the  attacking  maneuver  units  were 
established  as  platoon  size  units  for  the  HELLFIRE  and  CLGP  COEAs.  The 
decision  may  vary  based  on  the  scenario  and  terrain  used  for  any  given  study. 

7.  Once  the  decision  about  the  size  of  the  maneuver  unit  has  been  made, 

one  can  then  prepare  a work  sheet  prior  to  coding  the  organizational  commons. 
The  following  points  should  be  helpful  in  organizing  a worksheet: 

a.  Blue  elements  must  be  listed  first.  This  holds  whether  Blue  is 
attacking  or  defending. 

b.  Elements  are  nunbered  consecutively  from  section  to  section.  Sec- 
tions are  numbered  consecutively  from  platoon  to  platoon,  etc. 

c.  The  consecutive  numbering  rule  applies  even  when  progressing  from 
Blue  to  Red  elements. 

d.  Each  helicopter  must  be  assigned  to  its  own  section,  platoon,  team, 
and  maneuver  unit. 

8.  A portion  of  a completed  worksheet  is  provided  in  figure  C-l.  Although 
not  required  for  the  organizational  commons,  the  type  of  vehicle  and  positions 
of  the  elements  are  included  because  this  information  is  helpful  when  preparing 
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other  commons  and  general  reference.  Another  worksheet  that  has  been  found 
to  be  helpful  is  displayed  in  figure  C -2.  This  worksheet  merely  organizes 
and  presents  general  descriptive  information. about  the  vehicles  to  be 
played.  Because  the  two  worksheets  identify  individual  elements  and  codes 
as  pertaining  to  particular  weapon  systems,  these  worksheets  are  normally 
classified. 

9.  A run  design  will  often  contain  a requirement  to  modify  the  number  of 
weapons  in  a force  or  the  type  of  weapons  in  a force.  For  instance,  a tank 
study  might  require  a base  case  with  the  present  tank  and  another  set  of 
runs  with  the  proposed  tank  design.  In  these  cases  it  may  be  convenient 

to  provide  a separate  weapon  code  to  each  tank  and  include  the  data 
describing  all  tanks  In  a single  data  base.  When  one  desires  to  change 
the  type  of  tank  being  played,  only  a single  common  (LWCOD)  would  need 
to  be  changed  to  reflect  the  change  of  weapons  systems.  In  those  cases 
where  the  number  of  weapons  is  varied,  one  should  Include  the  maximum 
number  of  weapons  to  be  played  in  the  original  data  base.  When  less 
than  the  maximum  number  are  to  be  played,  excess  weapons  can  be  "killed" 
before  the  battle  starts  by  entering  a 4 in  the  appropriate  LIMNAT  storage 
area.  This  will  prohibit  the  designated  weapon  from  taking  part  In  any 
phase  of  the  battle.  By  making  the  data  base  flexible  by  including  all 
types  of  weapons  and  the  maximum  number  of  weapons  to  be  played  one  Insures 
that  the  run  design  will  be  executed  smoothly.  This  procedure  avoids 
delays  that  would  be  experienced  if  the  data  base  had  to  be  modified  for 
each  change  in  force  structure  required  by  the  run  design. 

10.  The  assignment  of  elements  to  radio  nets  Is  independent  of  the  tactical 
assignment  of  those  elements.  Although  they  are  not  dependent  on  the 
organization,  the  radio  nets  usually  follow  the  tactical  organization  of 
respective  forces.  (The  one  exception  to  this  general  rule  concerns  the 
elements  on  the  COP.  Since  the  COP  is  normally  a combined  arms  temporary 
tactical  grouping,  the  elements  in  the  COP  will  not  normally  be  assigned 

to  the  same  platoon  radio  net  based  on  the  tactical  organization.  However, 
tactical  integrity  requires  that  the  elements  on  the  COP  communicate.  Since 
there  is  no  mechanism  that  allows  an  element  to  switch  radio  nets,  except 
when  a casualty  occurs,  once  a radio  net  Is  assigned  it  cannot  be  changed. 
Although  It  is  unusual,  to  have  tanks  and  APC  on  the  same  radio  net,  It 
appears  that  an  accurate  portrayal  of  the  communications  between  COP  elements 
is  more  Important  than  having  all  tanks  on  the  same  platoon  net  on  the  FEBA. 
Of  course,  this  problem  could  be  eliminated  by  a modification  of  subroutine 
HAZAM  which  would  reassign  the  surviving  COP  elements  to  a new  radio  net 
upon  return  to  the  FEBA.  But  until  such  a modification  takes  place,  it  seems 
that  it  is  appropriate  to  deviate  from  the  tactical  organization  and  assign 
the  COP  elements  to  the  same  platoon  net.)  Therefore,  It  Is  generally 
helpful  to  assign  elements  to  radio  nets  soon  after  the  tactical  dis- 
position has  been  determined.  Each  element  Is  assigned  to  one  or  more 
of  the  following:  platoon,  company,  or  battalion  nets.  All  elements 

are  normally  assigned  to  a platoon  net.  Platoon  leaders  are  usually 
assigned  to  a company  net  and  company  commanders  to  the  battalion  net. 

It  Is  Important  to  note  that  the  communications  model  assumes  that  these 
are  two  battalion  nets.  Even  If  one  side  Is  composed  of  a company  or 
less,  a net  must  be  allocated  as  a battalion  net  for  that  side. 
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Vehicle  Type 

Ammo  Type 

Basic 

Load 

Weapon 

Code 

Weapon* 
System  Code 

Mobility 

Code 

TOW 

1 (Missile) 

15 

1 

2 

1 

M60 

1 (50  Cal  MG) 

500 

2 

1 

2 

2 (HEP) 

10 

3 (HEAT) 

15 

4 (APDS) 

25 

Dragon 

1 (Missile) 

5 

3 

3 

_ 

Figure  C-2.  Weapon  Characteristics  Assignment 

*The  weapon  and  mobility  codes  are  arbitrarily  assigned.  Order  is  not 
important.  However,  there  is  some  logic  in  the  model  that  assumes  the 
weapon  system  codes  are  assigned  according  to  the  following  order:  1 for 

armored  vehicles,  2 for  APC,  and  3 for  crew  served  weapon. 


Element 


Weapon 


Job 


Platoon  Net  Company  Net  Battalion  Net 


/I 


1 

M60 

Pit  Ldr 

1 

37 

— 

2 

M60 

-- 

1 

— 

— 

3 

M60 

— 

1 

— 

— 

4 

APC 

Pit  Ldr 

2 

37 

-- 

5 

APC 

CO 

2 

• 

37 

42 

30 

ADH 

Pit' Ldr 

• 

6 

38 

m 

31 

T62 

Pit  Ldr 

7 

39 

— 

32 

T62 

« 

7 

• 

— 

120 

• • • 

T62  1-  36 

Figure  C-3.  Assignment  of  Radio  Nets 

• 

• 
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11.  Each  net  is  assigned  a number  in  a single  numbering  sequence.  The 
first  Blue  platoon  net  is  set  number  one,  the  second  two,  etc.  The  first 
Red  platoon  net  is  one  greater  than  the  last  Blue  platoon  net.  The  first 
Blue  company  net  is  one  greater  than  the  last  Red  platoon  net.  Fire  support 
nets  are  not  included  in  this  net  assignment.  The  model  itself  sets  up  the 
fire  support  nets  based  on  the  assignment  of  FOs  to  artillery  units.  A 
sample  net  assignment  is  depicted  in  figure  C-3. 
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APPENDIX  D 

LOCATION  OF  DEFENSIVE  WEAPONS 


1.  In  general,  a map  analysis  is  a tenuous  basis  for  selecting  weapon  loca- 
tions. Small  convolutions  or  undulations  in  the  ground,  which  do  not  show  up 
on  a map,  can  have  a major  impact  on  the  visibility  and  fields  of  fire  that 
are  available  to  a weapon.  These  real  life  problems  are  compounded  when  a 
map  analysis  is  used  to  place  weapons  on  a computer  representation  of  a 
piece  of  terrain.  Small  shifts  in  the  location  and  height  of  hilltop  and 
ridge  crests  caused  by  the  computer  representation  can  turn  an  excellent 
position  into  a worthless  reverse  slope  location.  Just  as  the  military 
commander  needs  to  walk  the  terrain  when  weapons  are  emplaced,  the  military 
tactician  needs  to  "see"  the  results  of  his  weapon  location  selection  for 

a model  run. 

2.  The  tool  that  has  been  developed  to  allow  a reasonable  selection  of  de- 
fensive positions  is  the  1 ine-of-sight  map.  A computer  program  has  been 
written  that  uses  the  DYNTACS(X)  terrain  input  and  1 ine-of-sight  routines 
to  produce  a representation  of  the  1 ine-of-sight  available  from  a given 
location.  A description  of  the  input  requirements  and  output  of  the  1 ine- 
of-sight  program  is  provided  at  annex  D-I.  The  program  itself  is  at  inclo- 
sure D-I-a.  An  example  of  input  data  is  at  inclosure  D-I-b. 

3.  Normally,  each  study  has  a group  of  tactical  experts  designated  to  resolve 
questions  of  a tactical  nature.  If  the  study  directive  or  other  document 

has  not  tasked  a specific  group  or  agency  to  provide  tactical  input,  the 
study  agency  should  consider  the  formation  of  such  a group.  It  is  Inadvisable 
to  allow  the  person  who  is  preparing  the  input  data  to  exercise  his  Individual 
judgment  on  tactical  questions. 

4.  The  group  of  tactical  experts  should  select  the  initial  positions  for  the 
weapons.  It  is  important  that  during  the  selection  the  tactical  group  be 
restricted  to  the  level  of  knowledge  that  the  tactical  commander  would 
normally  have.  Perhaps  the  only  information  provided  will  be  the  FEBA  trace 
and  the  general  direction  of  the  attack.  When  only  this  information  is  known, 
the  tactical  planners  are  likely  to  produce  a more  realistic  tactical 
disposition  than  they  would  if  the  actual  attack  routes  were  known. 

5.  After  the  initial  selection  of  positions,  the  person  charged  with  the 
data  preparation  will  run  the  line-of-si^ht  program  to  produce  the  visibility 
maps  for  these  positions.  Normally,  not  all  of  the  initially  selected 
positions  will  be  acceptable.  This  will  require  additional  runs  of  the 

1 ine-of-sight  program  using  alternate  positions.  The  terrain  map  and 
environmental  overlays  discussed  in  annex  A-II  will  be  useful  In  selecting 
these  alternate  positions.  The  contour  plot  produced  by  the  MAPLOT 
program  will  give  a better  Indication  than  a topographical  map  of  how  the 
computer  represents  terrain.  When  the  vegetation  overlay  Is  superimposed 
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over  the  MAPLOT  map,  potential  blocks  to  line  of  sight  can  be  identified 
and  obviously  unacceptable  positions  can  be  eliminated  without  requiring 
a 1 ine-of-sight  map.  Judicious  use  of  these  two  computer-produced  tools 
will  aid  in  the  identification  of  acceptable  positions  for  defensive  weapons. 
Sometimes  it  will  become  necessary  to  make  major  adjustments  to  the  initially 
selected  positions  in  order  to  find  an  acceptable  position  for  a weapon. 

After  the  final  positions  have  been  tentatively  selected  by  the  data  base 
personnel,  the  tactical  group  should  approve  the  final  positioning.  In 
this  way,  final  weapon  positions  will  be  checked  for  compliance  with  present 
tactical  doctrine. 


6.  In  addition  to  the  location  of  the  weapons,  two  other  factors  must  be 
set  for  the  defenders  in  the  Initial  data:  the  degree  of  cover  (shielding 

by  the  earth)  and  distance  to  the  nearest  clump  of  vegetation.  The  distance 
to  the  nearest  clump  of  vegetation  has  implications  in  the  detection  routine. 
The  closer  the  weapon  is  to  a clump,  the  lower  the  probability  that  it  will 
be  detected.  However,  this  number  is  changed  each  time  an  attacker  changes 
position  with  respect  to  a defender,  so  the  initial  value  has  no  lasting 
impact.  The  degree  of  cover  is  more  important  in  its  implications.  It  is 
possible  to  simulate  a dug-in  weapon's  position  by  setting  the  element's 
microterrain  (conmon  EMICR)  value  equal  to  a negative  number.  The  magnitude 
of  the  number  indicates  the  depth  of  the  dug-in  position.  If  the  EMICR 
value  Is  set  equal  to  the  hull  height,  a hull  defilade  position  Is  depicted. 
The  EMICR  value  will  change  only  when  the  vehicle  Itself  moves.  Therefore, 
the  degree  of  cover  for  a defender  will  be  largely  controlled  by  the  initial 
Input  value.  Hit  probabilities  in  DYNTACS(X)  are  very  sensitive  to  the  degree 
of  cover  provided  by  the  terrain.  The  selection  of  the  EMICR  value  should  be 
appropriate  when  considering  the  time  the  defending  force  has  had  to  prepare 
the  positions. 


7.  One  cautionary  note  should  be  sounded  here.  The  play  of  camouflage  Is 
a difficult  task.  There  does  not  appear  to  be  a sufficiently  comprehensive 
field  experiment  to  allow  a thorough  analysis  of  the  effects  of  camouflage. 
In  this  absence  of  empirical  data  it  is  tempting  to  generate  an  ad  hoc  pro- 
cedure that  has  some  Intuitive  appeal.  Although  there  can  be  no  objection 
to  this  philosophical  approach,  one  must  take  care  to  Insure  that  the 
intuitive  approach  actually  has  the  desired  effect.  One  group  of  users 
of  DYNTACS (X ) attempted  to  play  cmaouflage  by  placing  a vegetation  feature 
around  each  defending  weapon.  Although  this  has  an  intuitive  appeal,  the 
effects  of  this  approach  were  more  far  reaching  than  the  effects  camouflage 
could  reasonably  have.  The  model,  in  this  approach,  would  consider  each 
defending  weapon  a completely  concealed  weapon  to  all  attackers,  with  the 
following  consequences: 


a.  The  probability  of  visual  detection  by  any  attacker  Is  zero  regard- 
less of  range. 


b.  Attackers  could  detect  the  presence  of  a defending  weapon  only  by 
observing  the  firing  signature. 


c.  When  firing  at  a defender,  the  attacker's  hit  probability  was  severely 
degraded  because  of  the  lack  of  visual  observation  of  the  firing  vehicle. 
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d.  The  attackers  could  only  fire  at  a defender  after  the  defender 
itself  had  fired  because  of  the  requirement  to  observe  a firing  signature. 


8.  The  elimination  of  all  possibility  of  visual  detection,  the  decreased 
rate  of  firing  for  the  attackers,  and  the  significantly  reduced  accuracy 
of  attacker  fire  all  go  far  beyond  the  effects  of  camouflage.  Therefore, 
this  particular  procedure  for  playing  camouflage  is  not  recomnended.  Because 
of  these  far  reaching  effects  of  vegetation  surrounding  a defending  weapon, 
serious  consideration  should  be  given  before  a defender  is  placed  inside 
a vegetation  feature. 


ANNEX  D-I 

LINE-OF-SIGHT  PROGRAM 

1.  The  llne-of-slght  (LOS)  program  Is  described  visually  In  figure  D-I-2. 

The  description  In  figure  O-I-l  Is  keyed  to  the  cards  In  that  figure. 

Card  Number  Description 

1 Job  card. 

2 Execute  card.  Either  G or  H level  compilers  my 

be  used.  All  unnecessary  compiler  output  is  sup- 
pressed. The  TIME  parameter  default  value  should 
not  be  used.  As  a rule,  1 minute  execute  time 
should  be  allowed  for  each  LOS  map  produced.. 

3 Inputs  the  source  program  (assumed  to  be  stored 

on  disc)  for  compilation  and  loading. 

4 Identifies  the  object  module  of  the  terrain  fea- 
tures (see  FEATUR  program,  annex  A-III). 

5 Identifies  the  object  module  of  the  elevation 

data  (see  annex  A-III). 

6-8  Inputs  the  object  modules  to  the  loader 

g ' Identifies  the  beginning  of  the  data  stream. 

11-13  Data  cards  (see  below). 

14  End  of  data  card. 

15  End  of  file  card 

Description  of  LOS  Input  Data 

Figure  D-I-l 

2.  The  Initial  data  card  defines  the  terrain  area  of  Interest  and  determines 
certain  program  parameters.  These  parameters  remain  in  effect  until  a -1.0 

Is  read  In  columns  1-4.  Then  new  parameters  are  defined  for  additional  posi- 
tions or  the  program  Is  terminated.  The  Input  format  for  the  initial  data 
card  Is  shown  In  figure  D-I-3.  The  following  pertain  to  the  variables  de- 


___ . . 
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I 
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coordinate  on  the  defined  terrain  area: 

O<XMIN<XMAX<LI11I  t. 

c.  YMIN.  The  Y coordinate  of  the  lower  boundary  of  the  printed  LOS  up. 

d.  YMAX.  The  Y coordinate  of  the  upper  boundary  of  the  printed  LOS  up. 

YMIN  and  YMAX  must  be  defined  such  that  If  Limit  Is  the  largest  possible  Y 
coordinate  on  the  defined  terrain  area: 

0<YMIN<YMAX<L1 ml t 

e.  RANGE.  The  range  from  the  observer  beyond  which  LOS  will  not  be 
computed. 

f.  MAX.  The  number  of  copies  of  the  LOS  map  to  be  printed. 

3.  Subsequent  data  cards  are  used  to  define  values  for  an  Individual  LOS 
up.  The  card  format  for  subsequent  data  cards  Is  shown  In  figure  0-1-4.  The 
following  pertain  to  the  variables  contained  on  subsequent  data  cards: 

a.  XLOS.  The  X coordinate  of  the  observer. 

b.  YLOS.  The  Y coordinate  of  the  observer. 

c.  HO.  The  height  of  the  observer's  eyeball . (should  be  vehicle  height 
plus  the  EMICR  value)  above  the  ground. 

d.  HT.  The  maximum  height  of  the  observed  vehicle. 


--«V 


DATA  CARO  FORMAT 

a.  First  data  card. 


Field 

Card  Column 

Format 

XMIN 

1 - 10 

F10.0 

XMAX 

11  - 20 

F10.0 

YMIN 

21  - 30 

F10.0 

YMAX 

31  - 40 

F10.0 

RANGE 

41  - 50 

F10.0 

MAX 

51  - 60 

110 

Initial  Data  Card  Format 


FIGURE  D- 1-3 

b.  Subsequent  data  cards. 


Field 

Card  Column 

Format 

XLOS 

1 - 10 

F10.0 

YLOS 

11  - 20 

F10.0 

HO 

21-30 

F10.0 

HT 

31  - 40 

F10.0 

Subsequent  Data  Card  Format 
FIGURE  D- 1-4 
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//CACDA21  JOB  (XXXXXXXX,C,U,N), 'GARRETT' 

//  EXEC  THLG,PARH='N0S0URCE.N0MAPtNCID',TIHE*{20,59l 
//F.SYSIN  00  * 

BLOCK  DATA 

COMMON  / DC  ON  / DC0N(6,10) 

DATA  DCON(l,l)  /O.C / 

DATA  DC  ON ( 1 • 2 ) /O.O/ 

DATA  DCONd ,3)  /O.O/ 

DATA  DCONd, A)  /O.OOfc/ 

DATA  DCONd  .5)  /0.D16/ 

OATA  DCONd, b)  /0.012b/ 

OATA  DC  ON ( 1 • 7 ) /0.0I2b/ 

DATA  OCONTl.Bl  /O.OA/ 

OATA  DCONd, 9)  /0.005/ 

OATA  OCON(l.lO)  /0.04/ 

DATA  0C3M(2,1)  /100.0/ 

DATA  DC0N(?,2)  /100.0/ 

DATA  DC  ON (2 • 3 ) /100.0/ 

DATA  DC  ON (2  « A ) /7b. 0/ 

DATA  DCONd, 51  /75.0/ 

DATA  DCON ( 2 , b 1 /50.0/ 

DATA  DC0N(2t7)  /50.0/ 

DATA  DC0N(2,B)  /25.0/ 

DATA  DCONd, 91  /500.0/ 

DATA  DCON (2 1 1 0 I /5Q0.0/ 

DATA  DC0N(3,1)  /O.O/ 

DATA  DC  ON (3 • 2 ) /O.O/ 

DATA  DC  ON ( 3 >3 ) /O.O/ 

DATA  DC  ON ( 3 , A ) /O.O/ 

DATA  DC0N(3,5J  /O.O/ 

DATA  DC  ON  ( 3 , b 1 /0.01/ 

DATA  DCQN(3,7)  /0.01/ 

OATA  DC  ON ( 3 , B 1 /0.02b/ 

DATA  DC0NC3,9>  /l.O/ 

DATA  DC  ON ( 3 » 1 0 1 /l.O/ 

DATA  DCONTA.ll  /3.0/ 

DATA  DC  ON (A • 2 ) / 3.0/ 

DATA  DC  ON (A ( 3 ) /3.0/ 

DATA  DCONTA.A)  /10.D/ 

DATA  DC0N(A,5)  /10.0/ 

DATA  DC  ON ( A • b ) /10.0/ 

DATA  DC  ON ( A i 7|  /10.0/ 

DATA  DCONt A • B ) /15.0/ 

DATA  DC0N(A,9»  /7.5/ 

DATA  DC0NIA.nl  /7.5/ 

DATA  DCONd, 1)  /I .0/ 

DATA  DC0NCS,2)  /l.O/ 

DATA  DC  ON ( b , 3 ) /l.O/ 

DATA  DC  UN(  b , A 1 /0.39A/ 

DATA  DC  ON ( 5, 5 ) /0.39A/  "v 

DATA  DC  ON  T 5 , b 1 /0.A7 2/ 

DATA  DC  ON ( 5 , 7 ) /0.A72/ 

DATA  DC  (JN  (S  . 8 1 /0.13b/ 

DAT  A DCONT  b, 9)  /O.O/ 

DATA  DC  UN ( S • 1 0 I /O.O/ 

DATA  DC  UN ( b « 1 ) /O.l/ 

DATA  DC  ONTO. 2)  /O.l/ 

DATA  DC  ON ( b i 3 ) /O.l/ 

DATA  DC  UN ( b«  A ) /0.9/ 

OATA  DCON (b. b 1 /0.9/ 

DATA  D( ONTb.bl  /0.9/ 

DA  I A DC  ON  (f»»7  1 /O.V/ 

DATA  DC  UN ( b t B I /0.°/ 


l 


\ 


D-I-a-2 


UK  t A UlUMbfV)  /U.y/ 

DATA  DC  ON  Ik, 101/0. V/ 

END 

DIMENSION  UTLE(2A),IH(11I 
REAL  LOSCKP 
CON HUN /FOREST /HTREE 
DATA  1PLS  /AH«  / 

DATA  ISTAR  /AH$  / 

DATA  TITLE(l)  /AHLEGE/ 
DATA  TlTLEm  /AHND-  / 
DATA  TITLE13)  /AH  / 
DATA  TITLE(A)  /AH  . */ 


DATA  TITLE (51  /A 
DATA  TITLEC6)  /A 
DATA  TITLET7)  /A 
DATA  TITLE  C® 1 /A 
DATA  T1TLEI9)  /A 
DATA  riTLEClD)  / 
DATA  TITLE(ll)  / 
DATA  TITLE112)  / 
DATA  TITLE (13)  / 
DATA  T1TLEUA)  / 
DATA  TITLE(15)  / 
DATA  T ITLE ( 16)  / 
DATA  TI TIE ( 1 7 ) / 
DATA  T 1 I L E ( 1 8 ) / 
DATA  TITLE (19)  / 
DATA  TITLE(20)  / 
DATA  TITLEU1)  / 
DATA  TITLE(22)  / 
DATA  IH(1 ) /1H./ 
DATA  IH(2)  /I HI / 
DATA  1HO)  /1H2/ 
DATA  1H(A)  /1H3/ 
DATA  1H( 5 ) /1HA/ 


/AHND-  / 
/AH  / 
/AH  . */ 
/AH  NU  / 
/AHLOS,/ 
/AH  / 
/AH  / 
/AHX*  L/ 
/AHOS  / 
/AH  / 
/AH  1,2/ 
/AH,.  . ./ 
/AH, 9 T/ 
/AHINES/ 
/AH  10  / 
/AH*  PE/ 
/AHRCEN/ 
/AHT  OF/ 
/AH  HT  / 
/AHV1SI/ 
/AHBLE  / 


DATA  1H(6) 
DATA  IH(7 ) 


/1H3/ 

/1HA/ 

/IH5/ 


DATA  IH(7 ) /IHb/ 

DATA  I H ( 8 ) /1H7/ 

DATA  1H (9 ) / 1 H8/ 

DATA  lH(lO)  /1H9/ 

DATA  1H(U)  / 1 FIX/ 

HTREEMO.O 

PT1HE=0 

REA  0(5, 1003)  XNiN,XNAX,YNIN,YNAX, RANGE, MAX 
1000  FORHAT(5MO.O,  110) 

DXr XHAX-XHI N 
DY*YHAX-YH1N 
RES X*DX/1 0 ) .0 
RES Y=DY/59.9 

10  REA  0(5,1010)  XLDS,YLOS,H,HT 
1910  FORMAT ( AF 1 0 .0 ) 

IF(XLOS.LT. 0. ) STOP  . 

CALL  PLDT1  (XHIN,XNAX,YHIN,VHAX,!PLS) 

YPT =YMAX 
COUNT  = 0 • 

DC  AO  J*1 ,51 
XPT  =XHI N 
DO  30  1*1,101 

IF  (RANGE  2 .LT.  ( XLOS-XP T ) ‘■•2+  (YLOS-YPT  )**2)  GO  TO  20 
COUNl*COUNT*l. 

IST*LUSCMP(XLOS,YLOS,XPT,YPT,HO,HT,n.O,0, .FALSE.  )M0.0*0.5 

i ss  t *10-1 sr*i 

1 NO  * IH< 1 SST ) 

CALL  Pl.Ul  ?(  XPT  ,YP  1 ,1,IND) 

2)  XPl*XPr*RFSX 
30  CONTINUE 
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YKI =YP I -KtSY 


AO  CONTINUE 

CALL  PL0T2(XLUS,YL0S,1,1STAR1 

DO  50  1 *1 (MAX 

CALL  PL3T3  (TITLE, 22) 

WRITE(6,1020)XL0S,YLOS 

1020  FORMAT (15X.33H1  IS  OBSERVER*  COORDINATES  ARE  X-, F6.0,5X,2HY«,F6.0 
WRITE (6,1330)H0,HT,RANGE,T1HE,PTIME 
1030  F0RNATC15X,3HM0=,F7.2,5X,3HHT»,F7.2,5X,6HRANGE=, F6 .0 ,5X,5HTIME -, 
IF5.2.9H  MINUTES  ,2M  (,F5.2,18H  MS.  PER  LOS  CALLI  1 * 

WRITE (6*1  040 1 
10 AO  FORMAT  ( 1 HI  I 
50  CONTINUE 
GO  10  10 

END  J 

SUBROUTINE  PL OTl ( XM I N ,XMAX ,YHIN . YMAX * IND 1 


C3NH0N/XAXI S/X AX  1 5 ( 6 1 
C0NM0N/YAXIS/YAXIS(6) 

COMMON /PLTARY/PLT ARY (53, 10 A)  1 

COHMON/AL SO/DEL TX , DELTY , EFTX  ,OWRY 
INTEGER  PLTARY, BLANKS 
DATA  BLANKS/AH  / 

XAX 15(1 l*XKIN 
YAXIS(1 I-YNAX 
X-XHAX-XHIN 
Y-YKIN-VHAX 
DO  10  1=2.6 

XAX IS (I )=XAXIS(!-l)*X/5.0 
10  YAXI5(I)=VAXIS(I-l)«Y/5.0 
DELTX=X/103.0 
DEL  T Y*Y /50 . 3 
EFTS-XMl): -CELTS 

OWRY= YMAX -DELTY  1 

DO  20  1-1, LOA 
DO  20  J-1,53 
20  PLTARYIJ, I) -BLANKS 
DO  AO  1=1, 10A 
PLTARYd, I l-IND 
AO  PLTARY(53,I)=IND 
DO  50  1=2,52 
PLTARYd, 11  = IND 
50  PLTARYd,  10AI-IND 
RETURN 
END 

SUBROUTINE  Pl0T2 ( XVAL , V VAL ,NUM , I NO  I 
COMMON/PL  TAR Y/PLT ARY ( 53, 10A1 
INTEGER  PLTARY 

C0SH0N/ALS3/DELTX,DELTY,EFTX,0WRY 
DIMENSION  XVAL  d I , VVAL (1 ) 

IFINUM.LT. 1IRETURN 
DO  10  1=1, NUN 

J=(XVAL(I!-EF!Xl/DELTXd.5 

IFIJ. LT.il  J = 1 
IF (J.GT.l)A)  J»1 0 A 
K=C YVAL (I)-3WRVI/DELTY*1  .5 

IFIK. LT. 1)  K = 1 
IF(K.GT.53I  K=53 

1J  PLTARY(K,J!=IND 
RETURN 
END 

SUBROUTINE  PLOTS (T 1 TLt ,N  I 
C0HM0N/XAX1S/XAX ISttl 
C0MK11N/YAXIS/YAXIS(6) 

CUNHDN/PL  TARY/PLl ARY ( 63 , 1 0 A I 


IN1IGFR  PLTARY 
DIMENSION  TIUE(N) 
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WK  I II  i 6 , 1 J ) » I I I LI  i 1 I i I *1  ,N  I 

100  r0RMAT(llX,2?A4) 

NR  1 Tf (6,113) 

110  FOR  HAT (1H  ) 

00  SO  1*1, S3 
J-I/10 

IF  fl-jnO  . E 0 . 21  CO  TO  AO 
WR1U(6,1«.0)(PLTARY(  l ,41 , J*1 , 10A I 
1 AO  FORHAT(17X,10AA1 1 
GO  TO  SO 

AO  NR  I TF:  (6,1  2?  1 TAXI  S C J*  1 1 , tPLTARYI  I , J I , J*1 , 13A  I 
120  FDRKAT(2X,F13.0,2H  -.10AA1I 
SO  CONTINUE 

NR  I T E ( 6,1 30  I (XAXISdl,  1*1,61 
1 30  FOR NAT (6(1 9X,1H1I/6X,S(F16. 0,6X1, FIG. 3/1 
RETURN 
END 

REAL  FUNCTION  LOSCHP  (XArYA,XD,YD,HA ,HO,HM, JHCOO  , BOOL  I 
C 

C COMPUTES  FRACTION  OF  HD  (LOCATED  AT  (XD,VD)»  HH1CH  IS  COVERED 
C WHEN  OBSERVED  FROM  A HEIGHT  OF  HA  ABOVE  THE  MACRO-TERRAIN  AT 

C (XA.YA). 

C 

C LOSCOMP-O.O  IMPLIES  NO  OBSTRUCTION  OF  LOS 

C LOSCOHP-l.O  IMPLIES  COMPLETE  OBSTRUCTION 

C XA.YA  = COORDINATES  OF  FIRST  POINT 

C XD.YD  * COORDINATES  OF  SECOND  POINT 

C HA  * HEIGHT  OF  FIRST  4 MICRO-TERRAIN 

C HD  * HEIGHT  OF  SECOND  4HICR0  TERRAIN  (HM1 

C HN  * MICRO  TERRAIN  OF  SECOND 

C BOOL  *.TRUE.  FOR  DELCOV , .FALSE . FOR  OTHERWISE 
COMMON, ’PKOV/PKOV ( 1 I 
COMMON /FOREST /HTREE 
DIMENSION  BLOCK  (11  ) 

DIMENSION  R ( 3 1 , OR ( 3 ) 

EQUIVALENCE  (RD , BLOCK ( 1 > 1 
EQUIVALENCE  (BX,BL0CK(2I) 

EQUIVALENCE  (BY, BLOCK (3)  I 
EQUIVALENCE  (DX, BLOCK (4)1 
EQUIVALENCE  (DY, BLOCK (SI  I 
EQUIVALENCE  (R  (11 .BLOCK (61 1 
EQUIVALENCE  ( DR  Cl  I .BLOCK (9 1 1 
C ***  SET  TANLIM  IN  CASE  RD  * 0 
EQUIVALENCE  ( T ANL I N ,EL VD I 
LOGICAL  BOOL 
ElVA*  ELVATEIXA.YA )«HA 
ELVD*  ELVATE(XD,/  ) 

C SETUP  BLOCK 

CALL  PDPSEI (XA.YA, XO  , BLOCK) 

I F ( RD  .NE.  0.0)  TANLIM  = (ELVD  4 HD  - ELVA I/RD 
TANHAX *-10000 00 • 

DO  20  1*1,3 
RP  * R ( 1 1 
GUI  0 12 

10  CONTINUE 
RP*RP4DR(I) 

12  I r ( RP  .GE .RD I GOTO  20 
XP*DX<RP4BX 
VP  * DY  *RP«  BY 

HL05*ELVA!E(XP,YP)-CLVA 

TANMRP*TANMAX«-RP 

1F(HL0S4HTREE.LE.TANMRP)  GOTO  10 
HL0S'-H10S4TRFCSIXP,YP) 

IF(HLOS.IE.TANMRP)  GOTO  10 
T ANMAX«HLOS/RP 

IF  (TANMAX.LT. TANLIM  .OR.  BOOL  I GO  TO  10 
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LU3  LHP  -l. 

RETURN 
20  CONTINUE 

TEHP=((TANLIH-TANHAX)‘,RDI/(HD-HH) 

IF(BOOL)  GOTO  30 

IF  I TEMP  .GT.  1.0)  T EHP*1 . > 

LOSCMP  *1 . O-TEHP 
RETURN 

30  LOSCHP  =PK3V(JVCOD)-TEKP*(HD-HH) 

RETURN 

END 

SUBROUTINE  PDPGE T (BLOCK ,X, V ,RT I 
C 

C COMPUTE  THE  NEXT  PLANE  DEPARTURE  POINT 
C 

DIMENSION  BlOCKtll) 

C SEE  PDPSEI  FDR  BLOCK  SETUP 

C FIND  NEXT  POINT 

1*6 

1F(BLUCK(7|-BLQCK(6) ) 1020  .1010 .1030 
1010  BL0CK(6I=BL0CK(6I+BL0CK(9i 
10  20  I *-7 

1030  lF(BLOCMB)  - BLOCK  ( I ) ) 10  50 , 10*0 , 1060 

lOA'J  BLOCK  ( I ) =BLOCK(I-»3I*BLOCK(I  ) 

1050  1*6 
1060  CONTINUE 

R = B LUCK  1 1 1 
RT*R 

X=BL0CK(A)*R*BL0CK(2) 

Y=BL0CK(S)*R«BL0CK(3) 

BLOCKdl  =R*BLDCKd*3) 

k 1 1 URN 

END 

SUBROUTINE  PDP5E T ( XA ,YA , XD , YD , BLOCK  I 
C 

C SETUP  BLOCK  FOR  COMPUTATION  OF  PLANE  DEPARTURE  »OINTS 
C BETWEEN  XA, VA  AND  XD.YD. 

C OH  MON /HA  PC DM /E 
DIMENSION  BLOCKdl) 

DIMENSION  DR(3),R(3),B(3).D(3) 

EQUIVALENCE  (BK.BU)  ) .(BY,  B(2I)  ,(BR,B(3)I 
EQUIVALENCE  (DX , D ( 1 1 ) , ( DY , D (2 1 I , <DT , Dt 3) ) 

BX  = XA 
B Y*  YA 
BR*BX*BV 

C COMPUTE  DELTAS 

DX*XD-BX 
DY= YD-BY 

RD=  SORT (DX**2*DY*«2) 

IFIRD.EQ.O.)  GOTO  3 
DX=DX/RD 
DV*OV/RD 
3 CONTINUE 

dt=dx«dy 

C DEF INF  BLOCK  EQUI VAL  ENCF 

BLOCKd  I =R0 
BLOCK ( 2 ) - B X 
BLOCK ( 3 I =BY 
BLOCK (A ) *0X 
BL  OCK l 6 ) =D Y 
DO  100  1=1,3 

C COMPUTE  DR  ( I ) AND  INITIAL  R(l) 

C I=!  CORRESPONDS  TO  VCRTILAL 

C 1*2  CORRESPONDS  TO  HORI/UNTAL 

C I * 3 CORRESPONDS  TO  DIAGONAL 

IF  (D(i)l  10,20,30 
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c 
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c 


1 .!  UNt  *1*. 

-""on  ro  ao 

2)  R ( X l=RD«l. 

GOTO  50 

: Cl  30  ONE  *1 . 

i MO  DR(  I ) -ABS (E /D (1)1 

R f I |«(E*(A1NT(BI  II/EMDNc  ) -B  ( X ) 1 /0  C 1 ) 

! r IF  (Rdl.EQ.O.I  R ( I » -OR  CXI 

I 50  CONTINUE 

DEFINE  BLOCK  EQUIVALENCE 
BLOCK! I*5)*RI 1 ) 

BLDCK 11*81 *DR (II 
100  CONTINUE 
RETURN 
END 

FUNCTION  TREES (X,Y) 

TREES. COMPUTES  THE  HEIGHT  OF  TREES  AT  (X,Y1 

CONK ON /TD DATA/  NMBC , NHBP ,NUMFC ,NUMFP 
COMKON/TDP/  T DP (7 , 1 ) 

COMKON/TDC/  Tor (3,11 
CHECK  PARALLELAGRANS 
PARA,  ARE  SANE  AS  LCTF 

LIM1TP  * 251 

HC  - 0.0  •' 

JC ODE  * 0 

IF  (NUNFP.EQ.O  > GO  TO  20 
DO  10  J*1 ,NUNFP 
1*1 TDFP(J1 

ir  (X.LT.T0P(1,1 I ICO  TO  20 
XINTCT*X-TDP(5»I1*Y 

IF  (XINTCT.LT .TOP (6,1)  .OR.  X1NTCT.GT.T0P (7, 1 1 1 GO  TO  10 
YINTCT  «Y-TDP ( 2 , 1 ) °X 

IF  (YINTCT. LT.TDP(3, I ). OR. YINTCT. GT.TDP(A, III  GO  TO  10 
ISUB  * TD(1,»1  * 1 

IF ( OCONtM , I SUB I.GT.HC)  HC  * OCONCA , I SUB  I 
JCODE  « 1 
10  CONTINUE 
20  CONTINUE 

CHECK  CIRCLES 

CIRCLES  ARE  THE  SAME  AS  LCTF 

IF  (NUMFC.EQ.O)  GO  TO  AO 
DO  30  J = 1 ,NUMF C 
K * ITDFCIJ) 

1 * K ♦ L1HITP 
XT  * X - TDCU.Kl 
IF(XT.GT.TDC(3,K) ) GO  Tu  30 
1F(XT.LT.-TDC(3,K)>  GO  TO  AO 

IF(XY*<'2«(Y-T0C(2,KI)'><'2.LE.TDCf3,KI**21  GO  TJUfcO 
GO  TO  30 

GO  ISUB  * TD ( 1 , 1 ) ♦ 1 

If  (DCON(A,  ISUBI.GT.HC)  HC  * DCONIA.ISUBI 
JCODE  ” 1 
30  CONTINUE 

r a:  if( jcode. eq. li  go  to  so 

TRE  ES*0  . 

RETURN 

r 50  TREES  * HC 

RET  URN 
END 

- FUNCTION  EL  VAT  E (X  , V I 
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l UnnUK/MAKLUn/t ,N Y ,XMA* ,YMAX,/MAXfMAP»il 

NX^X/E 

NY* Y/E 

I x = wx 

IY  = HY 

RX=WX-FLOAT(IX) 

RY- WY-FLOAT ( I Y J 

IF  (RX^RY  .LE.  1.0)  CO  TO  100 

RX=1.-RX 

KY*1.-RV 

IA-  (IX*1)*NY*I Y + 2 
I B= I A-l 
IC  * IA-NY 
GOTO  ?00 
100  CONTINUE 

I A = IX$NY*  I Y ■*  1 
IB=  IA+1 
IC=IA*NY 
200  CONTINUE 
A=HAP ( 1 A ) 

C ELVATE=A*RX° (FLOAT (MAPI  1C ) )-A ) +R Y* (F LOAT (HAP ( I B)  J-A) 

B=HAP(IB) 

C=HAP ( I C ) 

ELVATE=A*RK*(C-A)+RY*(B-A) 

RETURN 

END 

//L.LIB1  DO  D$N=NAHE.COEA. DECENT. FEATURES, DISP*SHR 
//L.LIB2  DD  DSN=NAME. COEA. DECENT .ELEVATON  ,DISP*SHR 


5000  • 


G 


ENTRY  HA1N 
INCLUDE  LIBl 
INCLUDE  LIB2 
//C.SVS1N  CD  * 

9950. 

19586 . 
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APPENDIX  E 


FORMATIONS 

The  establishment  of  possible  formations  for  maneuver  units  Is  discussed 
on  pages  5-55  to  5-71,  Report  AR  69-2A,  The  Tank  Weapon  System.  Systems 
Research  Group,  October  1969.  The  Discussion  contained  tnereln  generally 
provides  sufficient  Information  to  allow  the  appropriate  data  comnons  to  be 
Initialized.  A few  points,  however,  should  be  emphasized  In  order  to  avoid 
confusion  or  unnecessary  problems  during  debug  operations: 

a.  Reference  page  5-57,  the  organization  related  programing  has  been 
modified  to  allow  section  size  maneuver  units. 

b.  Reference  page  5-57.  Although  there  Is  usually  no  advantage  to  hav- 
ing a team  with  only  one  platoon,  a team  can  be  limited  to  a single  platoon. 
(Recall  that  helicopters  require  a one  element  section,  a one  section  platoon, 
a one  platoon  team,  and  an  Individual  maneuver  unit.) 

c.  Care  should  be  taken  to  Insure  that  the  weapon  locations  within  a 
formation  will  remain  tactically  reasonable  after  casualties  have  been  sus- 
tained. Thorough  understanding  of  the  renumbering  system  used  Is  Important. 
Special  note  should  be  taken  of  the  difference  between  the  renumbering  system 
used  for  elements  and  that  used  for  platoons. 

d.  The  threat  situation  chart  (table  5-2,  page  5-70)  has  been  expanded 
to  Include  a tenth  situation,  employment  of  a line  charge. 

e.  The  formation  selected  for  threat  situation  nine,  traversing  a 
minefield,  must  Insure  that  the  vehicle  with  the  plow  Is  the  lead  vehicle. 

An  abnormal  termination  will  result  If  this  Is  not  done.  The  plow  vehicle 
must  continue  to  be  the  lead  element  even  when  casualties  have  occurred  with- 
in the  plowing  vehicle's  unit. 


APPENDIX  F 


ROUTE  SELECTION 

1.  The  key  to  the  route  selection  process  Is  the  tactical  difficulty  matrix. 
The  construction  of  this  matrix  determines  the  route  that  Is  finally  selected. 
The  basic  building  blocks  for  the  tactical  difficulty  matrix  are  the  vehicle 
mobility  and  the  difficulties  and  ranges  assigned  to  enemy  weapons.  Since  the 
vehicle  mobility  Is  composed  of  technical  Information,  as  long  as  the  data  are 
carefully  collected,  one  can  be  reasonably  sure  that  the  mobility  contribution 
to  the  composition  of  the  tactical  difficulty  matrix  will  be  accurate.  How- 
ever, the  difficulties  and  estimated  ranges  associated  with  the  enemy  weapons 
are  more  subjective  In  nature  and,  hence,  require  consideration. 

2.  When  determining  the  difficulty  of  moving  from  point  I to  point  J In  the 
route  selection  matrix,  the  sum  of  the  weapon  difficulties  for  point  J are 
multiplied  by  the  time  required  to  move  from  point  I to  J.  This  procedure 
suggests  that  the  difficulties  are  analogous  to  attrition  rates,  and  the  route 
selection  procedure  minimizes  attrition.  One  can  approximate  this  concept  by 
equating  the  difficulty  of  each  weapon  with  Its  probability  of  kill  against  a 
given  target  under  prescribed  conditions.  This  will  allow  the  characteristics 
of  each  weapon  to  determine  Its  ranking  among  the  defense  weapons. 

3.  This  procedure  does  have  Its  drawbacks.  The  probability  of  kill  may  vary 
significantly  from  opening  fire  range  to  the  assault  range.  The  probability 
of  kill  for  each  weapon  must  be  hand  calculated  from  the  probability  of  hit 
and  probability  of  kill  given  a hit.  (The  probability  of  hit  Is  hand  calcu- 
lated using  the  conceptual  approach  embodied  In  the  equation  In  figure  8-4, 
page  8-19,  Report  AR  69-2B,  The  Tank  Weapon  System,  Systems  Research  Group, 
September  1960;  the  probability  of  kill  is  extracted  from  the  PKTNK  or  TPMKH 
common.)  One  must  be  willing  to  make  some  assumptions  when  defining  the  stand- 
ard conditions  (e.g. , the  given  target  will  be  a T-62  tank,  15  percent  covered, 
moving  at  4.5  meters  per  second  at  an  aspect  angle  of  30°);  and  conceptually 
some  Important  factors  In  an  attrition  rate  calculation  are  missing  (e.g., 
rate  of  fire,  detection  capability,  length  of  exposure,  etc.).  However,  even 
acknowledging  that  these  difficulties  exist,  this  procedure  Is  probably  pre- 
ferable to  having  some  person  or  group  guess  at  the  relative  difficulties. 

4.  As  specified  In  the  documentation  (Dage  5-30,  Report  AR  69-2A,  The  Tank 
Weapon  System,  Systems  Research  Group,  eptember  1960)  a weapons  difficulty 
is  assigned  to  those  points  In  the  route  selection  matrix  that  are  within  the 
enemy  commander's  estimate  of  that  weapon's  range.  The  enemy  commander's 
estimate  of  this  effective  range  controls  the  distance  at  which  the  maneuver 
unit  leader  will  first  take  evasive  action  to  avoid  a given  weapon.  When 
viewed  from  this  perspective.  It  seems  that  a different  Interpretation  should 
be  applied  to  the  numbers  assigned  to  this  common.  Rather  than  list  the  esti- 
mated ranges  of  each  weapon,  one  would  be  more  correct  to  list  the  range  with- 
in which  a commander  would  take  action  to  avoid  a weapon  of  a given  type. 

This  would  probably  yield  ranges  greater  than  the  maximum  open  fire  range  for 
a given  weapon  and  more  closely  approximate  the  use  of  these  numbers. 
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Unfortunately,  a subjective  evaluation  seems  to  be  the  best  source  for  these 
numbers.  Care  should  be  taken  to  Insure  that  the  subjective  evaluation  Is 
performed  by  military  personnel  with  experience  In  armor  doctrine  and  tactics. 

5.  The  size  of  the  route  selection  matrix  (1st  value  In  RTKON) , the  frequency 
with  which  routes  are  computed  (5th  value  In  MANEUV),  the  size  of  environment- 
al features,  and  the  size  of  the  maneuver  units  are  all  Interrelated.  This 
relationship  should  be  considered  when  the  Input  data  are  being  prepared. 
Although  the  route  selection  matrix  always  contains  the  same  number  of  points, 
the  computer  time  required  to  select  a route  Is  not  constant.  As  the  ma- 
trix's size  Increases,  the  points  become  further  apart.  Hence  the  computer 
time  required  to  determine  the  travel  time  to  adjacent  points  Increases. 

6.  KNTACL,  the  fifth  value  In  common  MANEUV,  controls  the  maximum  number  of 
significant  events  that  can  transpire  prior  to  the  recomputation  of  the  selec- 
ted route.  A significant  event  Is  defined  as  the  detection  of  a previously 
unknown  energy  or  the  kill  of  a known  enemy.  The  route  Is  recomputed  when 
"enough"  significant  events  have  taken  place  to  justify  a route  reselectlon. 

If  the  KNTACL  value  Is  small,  then  the  route  selection  matrix  should  be  re- 
duced in  size.  If  It  Is  unlikely  that  the  maneuver  unit  will  traverse  the 
entire  route  It  has  selected  before  the  KNTACL  value  requires  a route  reselec- 
tlon, then  selecting  a long  route  Is  counterproductive.  The  additional  com- 
puter time  to  select  a long  route  will  be  used,  but  only  a portion  of  the 
selected  route  will  be  used. 

7.  The  size  of  the  route  selection  matrix  also  Interacts  with  the  size  of  the 
environmental  features.  During  the  route  selection  event  LOS  Is  checked  only 
to  the  points  In  the  matrix  Itself.  The  LOS  condition  that  exists  at  a point 
In  the  matrix  Is  assumed  to  exist  while  traveling  to  that  point.  If  the 
distance  between  points  In  the  route  selection  matrix  Is  small  with  respect 

to  areas  of  cultural  and  forest  features,  the  assumption  Is  valid.  However, 

If  the  distance  between  points  Is  large  with  respect  to  areas  of  forest  or 
towns,  the  assumption  produces  questionable  results.  Therefore,  one  should 
consider  the  size  of  environmental  features  when  selecting  a size  for  the 
route  selection  matrix. 

8.  The  width  of  the  maneuver  unit  also  Interacts  with  the  route  selection 
matrix.  The  model  uses  the  fully  deployed  or  half  deployed  formation  width 
to  calculate  travel  time  from  one  point  to  another.  (See  discussion  of 
travel  time  starting  on  page  5-44,  Report  AR  69-2A).  Several  travel  paths 
are  computed  based  on  the  width  of  a maneuver  unit.  The  travel  time  used 
from  one  point  to  another  Is  the  longest  travel  time  for  any  path.  When  the 
maneuver  unit's  width  Is  small  with  respect  to  the  width  of  the  route  selec- 
tion matrix,  the  route  selection  procedure  will  function  properly.  However, 
when  the  maneuver  unit  width  approaches  or  exceeds  the  size  of  the  route  se- 
lection matrix,  then  the  different  paths  used  to  determine  that  travel  time 
will  essentially  encompass  the  entire  width  of  the  route  selection  matrix 
regardless  of  the  path  being  considered.  This  will  cause  the  route  selection 
process  to  lose  Its  capability  to  discriminate  among  candidate  routes. 

9.  One  final  point  concerning  route  selection  values:  the  range  from  the 
objective  at  which  the  maneuver  unit  stops  Its  dynamic  route  selection  and 
computes  Its  assault  path  Is  contained  In  common  RTKON  (5th  value).  In  order 
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APPENDIX  G 


TARGET  SELECTION 

1.  Each  ground  system  selects  Its  (ground)  target  with  respect  to  seven 
different  characteristics:  range  to  target,  target  weapon  type,  whether  the 
target  was  fired  on  In  the  previous  event,  whether  the  target  Is  currently 
engaged  by  another  friendly  ground  system,  whether  the  target  Is  Inside  the 
flrer's  sector  of  responsibility,  whether  the  target  fired  in  Its  last  event, 
and  whether  the  target  fired  at  the  selecting  weapon  in  Its  last  event.  The 
last  six  factors  are  termed  range  adjustment  factors  (RAF).  These  RAF  are 
given  values  subjectively  to  control  their  relative  Importance.  The  RAF  are 
added  to  the  actual  range  to  adjust  the  priority  of  the  target.  The  vehicle 
with  the  smallest  R+eRAF  Is  chosen  as  the  target.  These  RAF  factors  remain 
constant  during  the  battle.  This  procedure  of  maintaining  a constant  value 
has  Its  drawbacks.  If  the  RAF  are  large  enough  to  have  an  Impact  at  long 
ranges,  then  they  will  be  large  enough  to  overwhelm  the  range  value  later  In 

the  battle.  The  variation  In  the  relative  importance  of  the  range  and  the  RAF  I 

was  considered  a shortcoming  In  the  target  prioritization  scheme.  Therefore, 
a new  formula  was  devised  that  has  the  effect  of  varying  the  values  of  the  RAF 
while  maintaining  the  relative  Importance  of  the  RAF  to  each  other  and  to  the 
range.  The  present  formula  Is:  adjusted  range  (priority)  ■ R+eRAF*  R . 

30OO 

The  scaling  factor  was  set  at  3,000  because  that  is  the  maximum  range  of  any 
ground  weapon. 

2.  The  new  formula  has  the  advantage  of  modifying  the  value  of  the  range  ad- 
justment factors  with  respect  to  the  range.  This  allows  the  range  and  the  ad- 
justment factor  to  vary  together  In  a reasonable  fashion.  At  long  ranges 
(close  to  3,000  meters)  the  range  adjustment  factors  have  their  maximum  Impact. 

At  closer  ranges,  the  range  adjustment  factors  have  a smaller  Impact  and  the 
actual  range  to  the  target  becomes  more  important.  The  results  from  priori- 
tization scheme  were  reviewed  by  senior  officers  at  CACDA.  When  the  results 
of  the  old  and  new  prioritization  schemes  were  compared,  the  new  method  was 
preferred. 
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NEAR  MISS  SUPPRESSION 

1.  The  play  of  near  miss  suppression  by  direct  fire  weapons  was  added  to 
DYNTACS(X)  during  the  HELLFIRE/CLGP  COEAs.  With  this  addition,  the  DYNTACS(X) 
model  addressed  the  effects  of  suppression  from  casualty  assessment  and  near 
misses  from  both  direct  and  Indirect  fire. 

2.  For  the  purpose  of  this  consideration.  It  was  assumed  that  near  misses  to 
the  sides  or  above  the  target  would  not  cause  suppression;  only  rounds  Impact- 
ing to  the  front  of  the  target  would  cause  suppression  due  to  blast,  fragnen- 
tatlon,  and  obscuration  of  vision.  It  was  recognized  that  different  round 
types  would  produce  different  effects,  and  different  target  types  (tank, 

DRAGON  team)  would  react  differently  to  the  same  round.  Therefore,  data  were 
requested  from  Ballistics  Research  Laboratory  (BRL)  on  the  suppressive  effects 
of  different  amnunltlon  types  when  fired  at  different  targets.  The  data  item 
requested  was  the  maximum  distance  that  a round  of  a given  type  could  Impact 
In  front  of  a target  of  a given  type  and  still  produce  suppression  of  the 
target.  These  data  were  provided  for  every  flrer-target-ammunltlon  combina- 
tion. This  critical  distance  can  then  be  translated  into  an  Increase  in  tar- 
get dimension  and  the  probability  of  suppression  calculated. 

3.  The  geometry  of  the  suppression  Is  Indicated  In  figure  H-l.  The  distance 
aH  Is  the  equivalent  Increase  In  the  height  of  the  target  that  corresponds  to 
a round  striking  within  the  critical  distance.  First,  the  probability  of  hit 
on  the  normal  target  Is  calculated,  then  the  probability  of  striking  the  en- 
larged target  (normal  target  size  increased  by  the  near  miss  suppression  aH) 

Is  calculated.  During  a firing  event  a random  number  Is  drawn  and  compared 
to  the  normal  probability  of  hit.  If  the  random  number  is  larger  than  the 
normal  probability  of  hit,  then  the  same  random  number  Is  compared  to  the  prob- 
ability of  hit  on  the  enlarged  target.  If  the  random  number  falls  between  the 
normal  probability  of  hit  on  the  actual  target  and  the  probability  of  hit  on 
the  enlarged  target,  then  a near  miss  is  declared  and  the  target  Is  suppressed. 
If  the  random  number  is  larger  than  the  probability  of  hit  on  the  enlarged 
target  a miss  Is  declared  and  no  action  is  taken. 

4.  The  critical  distances  from  BP:  are  stored  in  common  SUPRES.  Due  to  time 
limitations  Imposed  on  BRL,  these  values  wore  based  on  blast  effects  only. 

In  the  future,  more  accurate  data,  wnic,  consider  fragmentation  and  vision  ob- 
scuration, should  be  generated. 


FH  = firer's  height 
R = range 

X = critical  distance  for  suppression 
h = incremental  target  height  based  on  X 

Because  of  similar  triangles:  X = I^X 

AH  FH 

Which  yields:  X( FH)  = AH 

R-X 


ANNEX  I-I 

PROBABILITY  OF  KILL  TRANSFORMATION 

1.  The  input  for  this  program  is  in  the  form  of  card  or  card  Image  tape. 

The  output  can  be  specified  a*  tape  or  punch.  This  particular  program  is 
designed  to  read  cards  and  produce  punched  output.  There  are  several  scenario 
dependent  areas  of  the  program  presented: 

a.  The  dimensions  of  HOLD  depend  on  the  number  of  target- firer-amnunltion 
combinations  allowed. 

b.  The  calculation  of  indices  will  vary  as  function  of  the  dimensions  of 
HOLD. 

c.  The  format  in  statement  100  is  designed  to  produce  the  initial  delete 
card  used  in  the  update  of  coirmon  PKTNK. 

2.  The  program  listing  is  attached  as  inclosure  I-I-a. 
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APPENDIX  I 

PROBABILITY  OF  KILL  DATA 

1.  When  a hit  Is  assessed  In  DYNTACS(X) , five  outcomes  are  possible:  no 
damage,  mobility  only  kill,  firepower  only  kill,  firepower  and  maneuver  kill, 
and  complete  kill.  (The  last  two  categories  are  equivalent  as  far  as  the 
DYNTACS(X)  model  Is  concerned;  both  kill  levels  remove  a weapon  from  further 
participation  of  any  kind.)  The  probability  of  each  occurrence  Is  stored  In 
either  common  PKTNK  or  common  TPMKH.  Common  PKTNK  Is  more  detailed  than  TPMKH 
because  It  allows  the  probabilities  of  kill  to  vary  as  a function  of  target 
speed  and  aspect  angle.  Coanon  PKTNK  was  originally  designed  to  contain  vul- 
nerability data  for  tanks.  However,  It  has  since  been  expanded  to  Include  any 
element  where  the  kill  probabilities  vary  as  a function  of  aspect  angle  (e.g. , 
bunker  with  an  aperture). 

2.  Army  Materiel  Systems  Analysis  Agency  (AMSAA)  Is  the  source  of  all  the 
vulnerability  data  used  for  the  HELLFIRE  COEA.  The  data  provided  by  AMSAA  are 
In  a slightly  different  form  from  that  required  by  DYNTACS(X).  AMSAA  provides 
the  probability  of  maneuver  kill,  firepower  kill,  firepower  or  maneuver  kill, 
and  co«|>1ete  kill.  Since  these  probabilities  are  not  Independent,  they  fre- 
quently total  to  a number  greater  than  one.  A trivial  procedure  Is  required 
to  transform  the  data  from  the  AMSAA  format  to  the  DYNTACS  (X)  format.  A pro- 
gram to  accomplish  this  transformation  Is  Included  at  annex  I-I.  When  spec- 
ifying the  output  format,  one  must  be  aware  that  some  computers  stop  reading 
data  In  card  Image  format  when  the  first  blank  space  Is  encountered.  If  this 
Is  the  case,  then  It  Is  necessary  to  Insure  that  the  zero  printed  by  the  ma- 
chine will  fill  the  format  specified. 
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APPENDIX  J 


IMAGINARY  FO 

1 

1.  In  a Blue  defensive  scenario  it  is  not  unusual  to  portray  a Blue  company 
In  the  defense.  The  artillery  support  normally  provided  to  a company  Is  a 
fraction  of  the  time  of  one  battery  of  the  direct  support  artillery  battalion. 

Since  there  are  no  other  Blue  elements  to  call  for  fire,  there  is  a danger  of 
overstating  the  amount  of  artillery  support  available  to  the  Blue  company. 

In  order  to  avoid  this  problem,  the  designers  of  DYNTACS(X)  provided  for  an 
imaginary  forward  observer  (FO)  to  represent  the  activities  of  the  other  FOs 
who  would  be  requesting  support  from  the  same  battery.  In  order  to  play  the 
activities  of  the  imaginary  FO,  the  DYNTACS(X)  user  must  specify  the  average 
time  between  calls  for  fire  (common  AMBDA)  and  the  mean  and  standard  deviation 
for  the  distribution  of  priorities  and  number  of  rounds  (common  UPRBRA,  SIGPBR, 
URNBRA,  SIGRBR).  These  values  may  be  arbitrarily  assigned  by  subjective  eval- 
uation. However,  an  alternative  procedure  is  available  if  one  run  of  DYNTACS(X) 
is  made  available  for  the  purpose  of  determining  these  values. 

2.  A run  of  DYNTACS(X)  is  made  with  the  values  In  AMBDA  set  to  an  arbitrarily 
selected  large  number.  This  will  eliminate  the  imaginary  FO  from  the  run. 

The  number  of  missions  requested  by  the  actual  FO  will  be  an  accurate  indica- 
tion of  the  number  of  missions  that  would  be  requested  by  an  FO  who  had  un- 
disputed access  to  a firing  battery.  If  one  assumes  that  the  other  FOs  would 
be  faced  with  a similar  threat  and  similar  terrain,  then  the  information  pro- 
vided by  the  activity  of  the  actual  FO  can  be  considered  representative  of  the 
imaginery  FOs.  The  distribution  of  priorities  and  rounds  realized  by  the  ac- 
tual FO  would  be  used  for  the  imaginary  FOs.  The  average  time  between  mis- 
sions for  the  actual  FO  would  be  divided  by  the  number  of  FOs  the  imaginary  FO 
is  representing.  (The  imaginary  FO  would  represent  the  activities  of  two  FOs 
In  a three-companies-forward  defensive/ del  ay  posture.)  By  using  the  FO  activity 
level  in  an  actual  DYNTACS(X)  run,  one  can  avoid  making  assumptions  about 
expected  FO  activity  in  the  DYNTACS(X)  scenario  that  is  being  used. 
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APPENDIX  K 

CANNON  LAUNCHED  GUIDED  PROJECTILE 

1.  The  Cannon  Launched  Guided  Projectile  (CLGP)  routines  In  DYNTACS(X)  were 
conceived,  developed,  and  Integrated  Into  DYNTACS(X)  at  Rock  Island  Arsenal. 
The  CLGP  Is  a modified  artillery  round  fired  from  a standard  artillery  piece 
and  guided  to  Its  target  by  coded,  reflected  laser  energy.  The  laser  beam  Is 
focused  on  the  target  by  the  artillery  FO  party  using  a ground  laser  locator 
designator  (GLLD).  In  the  absence  of  a laser  signal  the  projectile  files 
balllstlcally. 


2.  Three  different  modes  of  CLGP  can  be  represented  by  the  DYNTACS(X)  rou- 
tines: target  of  opportunity,  assured  coverage,  and  preplanned.  The  mode  of 
CLGP  used  Is  strictly  a function  of  the  time  the  FO  has  had  to  prepare  hts  fire 
plan.  As  soon  as  the  FO  Is  In  position  with  the  GLLD  In  operation,  he  can  pro- 
cess target  of  opportunity  missions  for  CLGP.  Target  of  opportunity  missions 
are  condldered  the  least  desirable  because  of  the  relatively  long  FDC  proces- 
sing time. 


3.  Once  he  Is  established  in  his  position,  the  FO  reports  his  location  and 
the  azimuth  of  the  center  of  his  sector  of  responsibility.  The  FDC  will  then 
divide  the  FO's  sector  of  responsibility  Into  four  quadrants  as  shown  In  figure 
K-l.  The  FDC  will  then  determine  the  number  of  CLGP  rounds  required  to  com- 
pletely cover  each  quadrant.  This  Is  determined  by  computing  the  size  of  each 
footprint  (the  maximum  maneuver  capability  of  a CLGP  round  fired  at  a given 
range)  and  Insuring  that  the  combination  of  footprints  completely  covers  a 
quadrant.  (See  quadrant  IV  In  figure  K-l.  Here  only  two  rounds  are  required 
to  blanket  the  quadrant.)  The  deflection  and  quadrant  elevation  for  each  round 


are  computed  and  sent  to  the  battery.  When  all  four  quadrants  have  been  pro- 
cessed, the  FDC  notifies  the  FO  that  assured  coverage  Is  available.  (Until 
this  notification  Is  received,  the  FO  will  process  all  CLGP  missions  as  targets 
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footprint  (the  maximum  maneuver  capability  of  a CLGP  round  fired  at  a given 
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this  notification  Is  received,  the  FO  will  process  all  CLGP  missions  as  targets 
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of  opportunity.)  After  receiving  notification  that  assured  coverage  Is  avail- 
able,  the  FO  can  initiate  a CL6P  mission  by  calling  for  a quadrant  (e.g. , FIRE 
MISSION,  CLGP  Quadrant  III),  When  an  assured  coverage  mission  Is  executed,  the 
battery  simultaneously  fires  a round  at  each  footprint  In  the  quadrant.  The 
FO  Is  then  guaranteed  that  any  target  In  the  quadrant  will  be  within  the  foot- 
print of  at  least  one  CLGP  round.  Because  the  firing  data  are  precomputed,  an 
assured  coverage  mission  can  be  executed  more  quickly  than  a target  of  oppor- 
tunity mission.  However,  since  multiple  CLGP  rounds  are  fired  for  each  target, 
assured  coverage  wastes  the  relatively  scarce  CLGP  rounds. 

4.  While  the  FDC  Is  preparing  the  firing  data  for  the  assured  coverage  mode, 
the  FO  party  Is  selecting  Its  preplanned  concentrations.  When  this  planning 
Is  completed,  the  FO  will  send  Ms  fire  plan  to  the  FDC.  The  FDC  will  then 
compute  the  basic  firing  data  for  each  of  the  preplanned  concentrations.  When 
the  FDC  has  completed  Its  computation,  the  FO  will  be  notified  that  preplanned 
fires  are  available.  The  FO  will  then  process  each  CLGP  mission  as  a pre- 
planned concentration  or  shift  from  a known  point  (e.g.,  FIRE  MISSION,  CLGP, 
concentration  9006;  FIRE  MISSION,  CLGP,  from  concentration  9007,  add  200). 

The  preplanned  fire  mode  Is  considered  the  most  desirable  because  It  combines 
rapid  response  with  a single  round  for  each  target. 

5.  Each  mode  allows  the  FO  to  request  multiple  volleys.  The  number  of  vol- 
leys to  be  fired  versus  target  complex  size  Is  specified  as  Input. 

6.  Since  the  FO  progresses  from  a target  of  opportunity  mode  to  the  preplan- 
ned mode  as  time  advances,  specifying  the  mode  of  CLGP  operation  Is  essential- 
ly the  same  thing  as  specifying  the  length  of  time  the  FO  has  had  to  prepare 
himself  before  the  battle  began.  Consequently,  the  CLGP  mode  to  be  used  Is 
tacitly  embedded  In  the  scenario.  The  scenario  will  usually  specify  the  time 
available  to  prepare  positions.  By  coordinating  with  the  Field  Artillery 
School,  one  can  determine  the  CLGP  mode  to  be  used  under  the  proposed  time 
constraint. 

7.  The  Input  data  for  CLGP  routines  specifies  the  zone  (change)  and  quadrant 
elevation  to  be  fired  by  each  tube  when  firing  at  each  concentration.  The 
change  In  X and  Y coordinates  and  time  to  enablement  (the  first  time  a CLGP 
round  Is  able  to  search  for  Its  code  laser  energy)  must  be  specified.  Rock 
Island  Arsenal  personnel  prepared  a CLGP  preprocessor  to  provide  these  Input 
data. 

8.  The  Inputs  to  the  program  are  In  the  form  of  coordinates  of  the  firing 
pieces  (XFB,  YFB)  and. the  coordinates  of  the  ballistic  almpolnts  (XCONC, 

YCONC).  The  output  Is  In  the  form  of  the  zone  (charge),  quadrant  elevation, 
range,  change  In  X and  Y coordinates,  and  time  to  enablement  when  a specific 
piece  fires  at  a given  almpolnt.  (The  final  five  values  are  not  used  as 
Input.)  This  program  Is  used  regardless  of  the  CLGP  mode  of  fire  used.  The 
values  are  stored  In  the  commons  appropriate  to  the  mode  used  (e.o. , IASZN  and 
ASCOV  for  assured  coverage  or  IPSZN  and  PSCOV  for  preplanned  mode).  The  pro- 
gram appears  as  annex  K-I. 
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DAT  E - 7MW 


Ofc/53/13 


COHhLfi/lKA  jG/lk  AJLI6,S,E| 
COHMON/NT  ERMS /NTERHJT  5 , h| 

OIMt.'.SlGN  xi?‘i,yi;5>  ,xf? 

INI  tot  K Z09E 

PkIM  107.  dUKE.l.NTEy 
1 I *1  ,6  I , ZONE ■! ,5 ) 

107  FORMAT ('  ZU.E  I TUNS 
READ  101, XFB 
READ  101,  YFfc 
999  CONTINUE 

READC5,100,END*996  )N 

100  FORMAT  i 1 1 0 ) 

READ  lOlilXdl.M.N) 

READ  101, <Y|l 

101  FORMAT (6F 10.1  1 

PRINT  103,  XFb  , YF6_.  

103  FORMAT ( • XFB*  • ,*F8  .0/ * VF 
PRINT  109, IX(I),YII  1,1*1, 
109  FORMAT  II X ,2 EE .01 


0001 

0002 

0003 

0009 

0005 


0006 

0007 

OOOS 

0009 

0010 
0011 
0012 
0013 
0019 

0015 

0016 

0017 

0018 


PRINT  105, J 

105  FUkMAK 'OOATA  FUR  TUBE  '_tl2,2X«5.0LlH*|  1 
PRINT  106 

106  FORMAT | *3  I..ZE1NE  Q£ RANGE. *R__ 

1 THETA  VENAB  TBAL  XBAL  • I 


0020 

0021 

0022 


XR 3fNAJ__lfJliIL 


0029 

0025 

0026 

0027 

0028 
0029 
9030 

0031 

0032 

0033 
0039 
00  35 
0U36 

0037 

0038 

0039 

0090 

0091 

0092 

0093 
0099 
9095 

0096 

0097 


XR  *X  1 1 l-XFB 1 J ) 

TR«V|  D-YFOIJ)  _ 

R*SQRTTXR»XR  ♦YP.*YR) 

I ZONE  “1Z0NEMR1  

CALL  BLNCH  IR, I ZONE ,0t ,T  ) 

ZONE  *IZONE  _ 

XE*EVALPY(Of,TRAJtlll,  ZONE  ,2  l.NTERHS  IZEINE,?)) 

YE*E  VALPY  ( QE  , TRA  JO  (J, ZONE  *3  l.NTERHS  (ZONE, 3)1  

TE-EVALPYEOE.TMJUll.ZONE.SI.NTERhSCZtNE.Sfi 

VE  *t VALPY (U|,TRAjn(l| Z0NEj9  l,NTFAHS (Z0NEt9) I 

T B*E  VALPY  IQF.,  TRA  JU(1,  ZONE ,61 , NTERHS (ZONE,  6)1 
XB -E  VALPY  IDE  .TRAJL'U  ,ZLNE  ,71  ,NTE  RMS  (ZONE, 71) 
PRINT  102,1 .ZONE, OE ,R ,XR,VR,T .XE.VE.TE.VE  ,TB.XB 
102  FURMATI2I3,F7.2,3FB .1 , Fb.2 , 2F 6. 1 , F6 .1 ,r 7. 1 ,F6  .2 
NR  I TE 17,997 1 QE.R.XR.VR.T 

997  F0RF.AT17X, 'DEC  • ,9X,F1 1 .91 
1 CONTINUE 

PRINT  99#  

998  FORMAT (1H1 I 
GO  TU  99V 

99b  CONTINUE 

STOP  _ 

END 
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08/53/13 


SUBROUTINE  blNCH  tkL.ZUM  ,L't  .1  EkAb  I 
INTEGER  Zr?;E 

COf'J'i.f:  / T R k Jl:/Tk  I Ji  lb.?  til 
tl'/l  M L •;  /f,  T E ^ 3 /M  l k K.5  ( * , 1 1 
CrjMMt'N/kCOUSI  ZkKlNtkHAX 
k*kO*l .OE-3 
IE  i R.LT  .AMIN  I 61*  TU  2 
IFIk.CT.RMAXIU  1C  E 

wE*EVAtPYEk»EkAJ(jll#/EiNEf8)tNTERHSlIUkE,i  1 1 
iiE«l.n/kE  


IF  C.E. 11.11.0)  GO  13  7 
IF  I WE  .GE  .42  . OL-GU_JU)_i. 
6 1*0.0 

1 «E V1LPY  I GE  .TRAJEitl.ZLM 
TENANT 

. GO  TO  90 

1 IF  tZ0NE.E0.5l  GO  TO  8 
Z0NE*ZUNE*1 

GO  TO  3 

_7  IF  tZPNF.EO  .1  )_1>0_JUL_2 

ZONE  *Z0N£-1 

GO  TO.  JJ 

2 OE  *1 1 .0 

GO  TU_6 

8 Of *4 5.0 

«LIfl_6 

90  RETURN 

END  
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0001 
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FUMUli*  UU.tRtkl 
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TH 1 S_  SO!  RCKJTIM  COMPUTES 

Tet  CORRECT  /ONE  TDK  A GIVEN  RANGE. 

0002 
0003  . 

COHKllN/ZRANG/ikANG(l) 
ZR AKG ( 1 ) *3402  .903 

0004 

0005 

lRANG(2)>54^b .799 
ZRANGI3)*fc920.P9] 

0006 

0007 

ZRANCI4)*7V41  .42<. 
ZR ANG ( 5 1 *98  53 .520 

0008 

0009 

ZRANG(6)*lS537.3d 

30  1 1 *2  t 6 

1 

0010 

0011 

1 

if  (R.Le.zKANcnn  go  to 

JIUNTINUt  . 

2 

0012 

0013 

2 

1 *6 

LZQNER-l-i 

0014 

0015 
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FORTRAN 

IV  G LEVEL  21  EVALPY  D AT t * 75212 

08/53/13 

OOOl 

FUNCTION  EVALPY (X ( A tN  1 

0002 

DIMENSION  A (6 ) 

0003 

EVALPY«0. 

0004 

H«NM 

0005 

00  10  1*1, N 

. 4 

0006 

10  EVALPY=A(N-IJ4X*EVALPY 

0007 

RETURN 

0008 

ENC.  . 

0001  FUNCTION  E VAIP Y IX , A ,N » 

. fi502 DIMENSION  AC6) SXAUX 1 

0003  EVALPY*0. 

' 0004  M*N*1  _ _ EVAIPY  j 

0005  DO  10  1*1, N EVALPY  ; 

0006  10  EVALPY=A(N-n*X*EVALPY. 

• 0007  RETURN  EVALPY 
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8238.0 

123.0 

19.69 

6382.0 

711.1 

-13.6 

277.2  26.53 

_ A 

6 

3 

16.10 

7159.9 

6889.0 

1951 .0 

15.83 

5605.; 

513.5 

-9.9 

288.2  21.86 

7.2 

5 

3 

15.80 

7070.3 

6992.0 

1069 .0 

15.56 

5328.3 

698.5 

-9.6 

289.2  21.67 

7.1 

6 

3 

15.00 

6828  .0 

6826.0 

166  .0 

16.78 

5121 .9 

6 59.0 

-9.0 

292.0  20.51 

6.8 

_ 7 1 _ )Jft>.26 

6280.0 

—5560^0.. 

_ 1919.0 

A5,3}— 

j66JL7.jJ. 

6 76.?_ 

-5 .2  272,6  21 .81 

8 

2 

17.92 

6199.3 

6076.0 

1260.0 

15.06 

6566.1 

661.2 

-5.1 

273.6  21.66 

9 

2 

17.50 

6096.6 

6058 .0 

665.0 

16.67 

66J3.6 

663.8 

-5.0 

276.8  21.00 

5.8 

10 

2 

16.50 

5860.0 

5860.0 

7.0 

13.79 

6231.5 

6 03.9 

-6  .7 

277.7  19.96 

5.6 

11 

3 

26.35 

9668.7 

9506,0 

1665.0 

25.73 

_77.15_.3_ 

1020.7 

-19*9 

265.6  33.55 

9.7 

12 

3 

26.65 

9668.2 

9621.0 

956.0 

25.82 

7733.6 

1025.5 

-23.0 

265.6  33.65 

9.7 

13  3 25.40  9650.2 _ _966AjJL 


DATA  F0R_.tV.8t  2 


I ZONE...  OE  RANGE  . 
1 3 21.27  8526.1 


3 3 20.10 

.A 3 16.15. 

S 3 15. 13 

6315. 01 
7 2 18.32 

— ft— 2.  ..JL.7jt9.7_ 
9 2 17.52 


10  2 

11  3 

12  _3_ 

13  3 


.16.50 

26.39 

-26.A7_ 

25.61 


8239. B 
7173.7. 

7077.8 
6829.6 

6295.9 
_6209_»5_ 

6100 .0 
_5860.3. 
9657.5 
_9673  .2 
9652.1 


_ XR 

8299.0 

-7952..0- 

8238.0 

. 6889»0_ 

6992.0 

6826.0 

5960.0 
_6076JlO_ 

6058.0 

5860.0 

9506.0 
_.962L»0_. 

9666.0 


YR  __7ENAB__XtNAJ  TENAB  THETA yENAB IBAJ, XBAL 

1966.0  20.82  6651.1  769.1  -16.7  276.6  27.88  8.5 

592.0  18.31 6252.9 660.6  -12.2  280.7  26.87 Ijl?-_ 

173.0  19.69  6382.5  711.2  -13.6  277.2  26.56  8.2 

2001  ,Q  _15.«.ft8 5517  .6 5 1 5 10  *Q  - 2 8?UQ_2L.8-9 JL*l 

1099.0  15.57  5336.8  699.8  -9.7  289.1  21.51  7.1 

216.0  16.78  5123.1  6 59.2  -9.0  292.0  20.52  6.8. 

2029.0  15.39  6632.0  677.7  -5.3  272.6  21.88  6.0 

1290.0  15.06  6555.0 662.9  -5.2  273.6  21.50 5*9 i 

715.0  16.69  6658.3  666.7  -5.0  276.7  21.03  5.6 

57.0. 13.79  6231.6  603.9_  -A  .7  277.7  19.96  5.6 

1715.0  25.77  7723.6  1022.8  -20.0  265.5  33.60  9.7 

IDO k .0. .25.85— .7138.0 1 026.6  2 6 5 9.7 

391.0  26  .83  7531.3  9 76.1  -18  .9  2 6 7.0  32  .52  9 .5 


OATA  EON  TUBE  3 


1 ZONE  OE 
1.  _3_.2l.28 

2 3 16.76 

.3 3 20..  19. 

6 3 16.16 


5 3 

6 3 

7 2 
6 2 

9 2.. 

10  2 

11  3 _ 

12  3 


15.86 
15.08 
18.29 
17.98 
.1.1.58 
16.60 
26.6  3 
26.56 
25.51 


ANGE  XA  YR 

6526.2  8326.0  1866.0 

7892.6  7877.0  692.0 

_JL2 6 3_,.3 ft.2.63jtQ -73.0. 

7170.6  6916.0  1901.0 

7087. 8__  7017 .0 999.0 

6851.9  6651.0  116.0 

6288  .2  _ 5985.0  1929.0 

6216.0  6099.0  1190.0 

6116 ,0_  6083.0 615.0. 

5865.2  5865.0  -63.0 

9666.9  9529.0  1615.0 

9688.3  9666.0  906.0 

9673.5  9666.0  291.0 


TENAB  XENA8 
20.83  6653.5 

18.37  6059.5 


YENAB  THETA  VENAB  TBAL  XBAL 

7 69  .6.^16  .7 276 . 5_2  7.8  9 8 

663.8  -12.3  280.5  26.95  7 


15.67 
15.60 
16.85 
15_.36 
15.09 
16.73 
13.87 
25  ,01_ 

25.92 

26.92 


5616.8 

5363 .6 
5162.2 

_6625.0_ 

6559.1 

6670.7 

6253.2 
7731.1 
7752.0 

—7550.9 


515.2 

_ 501  •>_ 

662  .9 
_ 6 76 .3 
6 63.7 
.J6-67.A, 
6 07.7 
J026.ft_; 
1030.3  • 
. 979.Q  • 


-9.9  288.1 

-9.7  289.0 

-9.0  291.7 

-5.3  272.5 

-5.2  273.6 

-5.0  276.5 

-6.7  277.6 

-20  .0 265  .6 

23.1  265.3 

19^0 2fc61L9_ 


DATA  FOR  TUBE  6 


I ZONE  QF  RANGE  XR  VR  T FNAB _ XENA8  — YENAB... 

1 3 21.62  8560.0  6326.0  1996.0  j.0.97  6685.6  776.6 

2 3 18.78  7903.1  7077.0  662  .0  10-61  _6069.6_  665.8 

3 3 20.20  0266.0  8263.0  223.0  19.79  6607.3  716.5 

6 3_  16.28  7211  .8  6916.0  2051  .0  16.00 5650. 7 _ 522.2 

5 3 15.96  7110.6  7017.0  1169.0  15.67  5362.9  505.2 

6 3 15.09  6856.1  6851.0  266.0  16.86  5165.7  _ 663.5 

7 2 18.69  6335.8  5985.0  2079.0  15.53  6667.7  686.6 

8 2 18.1  1 6266.5  6099.0  1360.0  15.20  6586.2 668.8 

9 2 17.65  6130.9  6083.0  765.0  16.79  6685.5  669.8 

10  2 16.60  5866 ,0_  5865.0  107.0  13.87  6253.9  607.8 

11  3 26.56  9691.1  9529.0  1765.0  25.93  7756.7  1031.0 

12  3 26.62  9703.6  9666.0  1056.0  25.99  7766.3  1036.0 

13  3 25.53  9679.3  9669.0  661.0  26.95  7556.5  9B0.6 


THE  TA_ 
-16.9 
-12.3 
-13  .7 

-10 j*l_ 

-9.8 
-9  .CL 
-5.3 
-5  .2_ 
-5.0 
-6.7 
-20  .1 
-20  .2_ 
-19.1 


VENAB 
2 76. 2 
260.6 
'276.9 

287.6 

288.7 

291.6 
*272.0 

273.0 

276.6 

277.6 
265.3 
265.2 

266.8 


21.88  7 

JJL-55 7 

20.61  6 

21._«3 6 

21.52  5 

Zl.QV  5 

20.06  5 

33.66 9 

33.76  9 

32.63 .9 


28.05 
25.00_ 
26.66 

22.05 
21.66 
20.62 

22.06 
21.65 L 
21.16 
20.06 
33.77 
33.86 
32.66 


DATA  FOR  1U6E  5 


■iaxT» 


XR  1 f-  I tt»Ab 

8274.0  1796.0  20. 59 

7827.0  442.0  16.18 

8217.0  23.0  19.59 

6864.0  1851.0  15.67 


kAXGt 

6466.7 

7839.5 

.8213.0 

7109.2 


Xt  NAb 

659b .9 

6010.7 
6357.4 

5361.8 


X 5 ,67 1031  ,3 6967. 0 949.0  15.42 5294.9 492.1  -9.5  289.6  2 


64.0  17.30  5088 .4  571.8  -5.9  266.6  24.20 

1879.0  15,13  _4»569.3 4.65 ,6  “5.2 273.3.21.57 

1140.0  14.88  4507.3  453.9  -5.1  274.1  21.27 

565.0  14,54  4422.7 438.1 -4>, 9 275.2  20.86 

-93.0  13.70  4210.6  400.2  -4.6  278.0  19.84 


2 20.52  6801.3  6801.0 

2 18.03  6225.3  5935.0 

2 17.75  6155.5  6U49.0 

2-_  17.36  6059 .4  _6033 .0 

2 16.41  5815.7  5815.0 


12  3 26.28  9633.9  9596.0 

13  3 25.26__.9422  .1  . 9419.0 


017.2  -19.8  265.7  33.47 

967.0  -18.8  267.2  32.36 


854.0  25.66  7701.7 

24.1.0  24*69 75  0 3.0 


0AIA_  fQ8._TV8E.-6 


1 3 21.26  8523.2  8274.0  2046.0  20.82  6650.5  769.0  -14.7  274.6  27.88 

2  3 18  .60  . 7857. 5 . 7627.0  _ 692  .0  18.25  6027.3 <>37,2  -12.2  280.8  _24,8J. 

3 3 20.01  8217.5  8213.0  273.0  19.61  6361.8  706.8  -13.5  277.4  26.43 

A_3_16.1 7_  .7178  .3.  6864.0  2101  .0  15.89  3421  «l 5. 16,6  -10.0  .2.88,0  iX.91. 

5 3 15.80  7069.4  6967.0  1199.0  15.54  5327.7  498.4  -9.6  289.2  21.47 


7 2 18.36  6305.3  5935.0  2129.0  15.42  4640.3  479.3  -5.3  272.3  21.92 

8  2 17.95  _620  6 .6_  6049,0.  _l  350,0  .1 5,07_4552  A 462.4  ^5  .1  273.5  21.49 

9 2 17. ‘ 7 6087.8  6033.0  815.0  14.64  4447.6  442.7  -5.0  274.8  20.98 

.0__Z— 16.41__5817.1_.  5815. Q 157.0  13, 71 4211  .1 400,4 278,0  19.44 


9651.2  9479.0  1615.0  25.75  7718.1  1021.5  -19.9  265.5  33. 57 


13  3 25.31  9431.8  9419.0  491.0  24.73  7512.1  969.3  -18.8  267.2  32.41 


Xft  VR  TEftAt  XE  MB 

3252.0  «4|_.JLSA*lSL_2™i-£ 

3252.0  3142.0  11.31  3123.2 

3252 .0  2142,0  _9. 36  _ 2635.3 

3252.0  1142.0  8.00  2294.7 


RANGE 

5266.1 
4521.9 

3894.1 
3446.7 


2 16.87  5936.0  4252.0  4142.0  14.11  4314.7 

1 20.00  _5286 .9  _ 4252 .0  3142,0_  14 ._UL_ 37.59 .7. 

1 17.30  4761.1  4252.0  21*2.0  12.21  3316.7 

1 15.65 4402.7  4252.0  .1142,0  10.98  3026.6 

1 15.00  4254.4  4252.0  142.0  10.49  2912.5 

2  20  .02  6618.8 5252  .0  _4J 42  .0  1 6.66  4966.1 

3142.0  14.76  4476.0 

2142.0JL3.22  _4067  .1 

1142.0  14.53  3635.3 

142.0  14,05  _3731  .3 

4142.0  16.97  5704.0 

3 42.0  15.31  5265.7 

2142.0  16.56  4913.5 

717.0  15.38  4629.4 

1567.0  15.94  4765.9 


12  2 17.60  6120.1  5252.0 

13  2 15. 57  5672.0  5252.0 

14  1 20.48  5374.7  5252.0 

15  1 19.82  5253.9  5252.0 

16  3 17.29  7499.6  6252.0 

1 73  15.56  6997.1  62 52 ,0 

16  2 19.66  6608.8  6252.0 

19  2 18.31  6293.0  6252.0 

20  2 18.95  6445.4  6252.0 


DATA  FOR  TUBE  2 


XR  VR  TENAB  XENAB 

3252.0  4192.0  14.*6_  3775.6 

3252.0  3192  .0  11.49  3151.1 

3252.0  2192.0  9.45  2656.9 

3252.0  1192.0  8.05  2307.6 

3252.0  _ 192.0  7,47  2158.4 

4252.0  4192.0  14.23  4345.2 

4252.0  3192.0  14.30  3785.3 

4252.0  2192  .0  12.29  3335.4 

4252.0  1192.0  11.02  3039.1 

4252.0  192.0  10.50  2914.1 


RANGE 

5305.5 
4556.8 

3921.6 

3463.6 

3257.7 
5971 .0 

5316.8 

4783.8 

4415.9 
4256.3 


315«:.U  l<t.i>5  4498.!) 

2  192  .0  13.29  <.103.9 

1192.0  19.58  3899.6 

192  .0  19.06  3732.7 

9192  .0  17.07  5728.6 

3192  .0.15.38  52.89  . 9_ 

2192.0  16.62  9928.3 

767.0  15.90  9639.6 

1617.0  15.99  9777.0 


619  5 • ? 

5691.1 

5385.6 
5255-5 
7527.3 

7019.7 

6625.1 
6298 .9 

6957.7 


DATA  FOR  TUBE  3 eo»»eee»**»«ae»»«eocsea 


Yt  NAB  THETA  VENAB  1 BA L XBAL 

930. 8_  ~8_<J__250.5  20.65  5 

3  02.8  -6.9  260.9  17.09  9 

220.7  -9.9  _267.8  19.92  3 

172.3  -3.9  272.8  12.6 2 3 


YR  TENAB 

9092.0  19.01 

3092.0  11.32 

2092.0  9.39 

1092.0  8.02 


XENAB 
3721 .5 
3110.1 
2631 .0 
2300 .9 


-9  ,0  J50.020..83 
-7.2  257.1  18.27 

-6.2  261.5  J6*68 

-5.8  263.2  16.08 


3751 .7 

3316.9 

3037.7 

2930.9 


1 2.19. 97  6677 . 7 __52.7L*5_  4052,<L. 16,_82 


12  2 17.59  6116.1  5277.0 

13  2 1.5.88  __5676  .5 5277.0 

19  1 20.55  5388.8  5277.0 

15  1__19.95  _5277 .0  5277.0 

16  3 17.26  7993.0  6277.0  9092.0  16.95  5698.0  570.8  -19.9  289.6  23.22 


3092.0  19.79  9972.5  997.9  -5.0  279.5  21.10 

2092.0  _13.29  . 90?1  3 79  J -4_.4  2 79  .6  1 9. 2 7 

1092  .0  19.59  3897.9  960.9  -9.9  298.9  21.97 


18  2 19.70  6616.9  6277.0  2092.0  16.59  9920.9  535.8  -5.7  268.7  23.33 

19_  2_  18.39  6312.3  6a  77  .0  667.0  1 5.95  _.*.696  46S.5  -S.l  272.3  21,95 

20  2 19.01  6457.7  6277.0  1517.0  15.99  4777.1  506.4  -5.5  270.6  22.61 


XENAB  YE  NAB  THETA  VENAB  TBAl  XBAL 

3822  .9 9_54  .9  -9^  748.8_21.27 5. 

3193.6  318.7  -6.7  259.1  17.56  6 


RANGE 
5360.3 
4609.7 
3970.6 
3504 .5 


XR 

3277.0 

3277.0 
3277.0 

3277.0  1242.0  8.17  2339.0  1 77.6  -9.0  272.2  12.83 


YR  TENAB 

4242.0  14.48 

3292.0  11.68 


3068.9 295.2 -£.3.,261_.l 


11  2 20.38  6770.6  5271.0  4242.0  17.18  5060.3  565 


2 17.90  6193.3  5277.0  3242.0  15.02  4540.7 

2 16.10  5733.5  5277.0  2242.0  13,43  4139.8 

1 20.74  5421.2  5277.0  1242.0  14.72  3875.4 

1 19.97  5282.5  5277. 0_  242  .0  14.17^  3755.9 

3 17.56  7570.0  6277.0  4242.0  17.24  5772.2 

3_  15 ,78_  7064.8  .62  77  .0  J242  _512a..J 

2 19.91  6665.4  6277.0  2242.0  16.77  4964.7 

2 1 8 . 4 7_  6329.9  6277.0  817.0  15.51,  4662,4 

2 19.16  6494.6  6277.0  1667.0  16.12  4810.1 


YE  NAB  THETA  VENAB  TBAL  XBAL 

4  17.0  -8.6  251  .5  20.29 f. 

292.5  -6.2  261.3  16.77  4 

212.6  -4.7  268.6  14.13  3 

165.7  -3.7  273.5  12.36  3 


RANGE 
5172  .2 
4434.8 

38ie  .8 

3391  .1 


XR  YR  TENAB  XENAB 

3227.0  4Q42.0  13.73  3661.4 

3227.0  3042.0  11.08  3053.9 

3227.0  2042.0  9.13  2578.5 

3227.0  1042.0  7.83  2251.9 


•o_ 

-4,5  278,9 

1.9,50 

5.5 

.8 

-9.5  247.9 

21.59 

5.4 

MMM MM 


5207. 4 

4694.4 

4353.5 

4227.2 

6607.5 
604  7.8 

5611.7 

5329.8 

5227.2 

7423.8 

6930.3 

6553.3 

6257.5 

6397.5 


4227.0  3042.0  13.67  _3691.8  424.0 

4227.0  2042.0  11.97  3262.3  332.1 

4227.0  1042.0  10.82  2990.0  280.9 

4227.0  42.0  10.41  2891.4  263.5 

5227.0  4042  .0  1.6 ._55_  491JU3  534.1 

5227.0 
5227.0 
5227.0 

5227.0 

6227.0 
6_227.0 
6227.0 
6227.0 
6227.0 


2042.0  16.35  4863.3  523.9  -5.6  269.5  23.04 

617.0  J5»25 4597 .7  . 4 71.0 -5 ,2 272.9  21.71 

1467.0  15.76  4722.8  495.5  -5.4  271.3  22.33 


YR  TENAB  XE  NAB  YENAB  THETA  VENAB  TBAL  XBAL 


I ZONE  QE  RANGE 


20.45  5369 .8  ...3.227. 0._4292_«0JL4..51 36 31  .1 

16.59  4609.9  3227.0  3292.0  11.68  3193.7 

13.76  3958.1  _3227.0_  2292 .0„9.56__  2684 .6 

11.82  3476.0  3227.0  1292.0  8.09  2317.2 

U *.Q_Q_  3240 ,1  _JUjU-,0 Zj92_Jtj8 _7jA7 Z15JLA 

17.22  6024.0  4227.0  4292 .0  14.42  4391.6 

20.38  5357.7  ,_422J.O  . 3292.0_14.47 3820.6. 

17.53  4808 .4  4227.0  2292 .0  12.38  3355.7 

15.73.  4420.0__4227.0_  1252.011.03 3042.3 

14.93  4237.1  4227.0  292.0  10.44  2899.1 

20.35  6763.3  5227.0  4292.0  17.15 5Q54_.0 

17.84  6177.3  5227.0  3292.0  14.96  4526.6 

16.00  6V0/.4  lln  • u 22v2.C  13.34  41 1 7 .4 

20.53  5384.3  5227.0  1292.0~14.57  3843.5 

19.72  5235.1  5227.0  292.0_13.9B 3715.3 

17.51  7562.9  6227.0  4292 .0  17.19  5760.4 


273.8  21*36 
279.2  19.40 
248.5  21.39 
250. 6_  20.61 

283.8  23.52 




ia 

1 

».» 

19.78 

» *»  *_•  o 

6635.4 

6227.0 

2292.0  16.66 

4937.7 

5 39  .4 

■ .1  f X 

-5.7 

268.5 

*•  * • » 
23.42 

LULU 

6.n 

19 

2 

16.29 

6287.1 

6227.0 

867.0  15.36 

4624.1 

4 76.1 

-5.3 

272.5 

21.84 

AafiJ 

20 

2 

19.01 

6459.4 

6227.0 

1717.0  15.99 

4778 .5 

506.7 

-S.5 

270.6 

22.61 

6711 
Ji 

APPENDIX  L 


ARTILLERY  FIRE  PLAN 

1.  The  artillery  fire  plan  should  be  prepared  by  knowledgeable  artillery 
personnel.  The  fire  plan  may  Include  the  artillery  preparation,  a counter- 
preparation,  a rolling  barrage,  preplanned  fires,  or  fire  on  targets  of  op- 
portunity. It  Is  important  to  be  able  to  represent  these  kinds  of  artillery 
fire  If  a reasonable  portrayal  of  the  artillery  fire  plan  Is  achieved. 

2.  The  representation  of  the  artillery  preparation  follows  the  DYNTACS(X) 
schedule  of  fires  very  closely.  (See  pp  10-50  to  10-52,  Report  AR  69-2B, 

The  Tank  Weapon  System,  The  Systems  Research  Group,  September  1969).  The  con- 
cen t rat Ions  to  be  fired  by  each  battery  during  the  preparation  are  Identified 
and  linked  together  using  common  NXCONC.  Then  only  the  Initial  concentration 
for  each  battery  needs  to  be  listed  In  the  schedule  of  fires.  Since  the  load, 
lay*  and  fire  time  for  each  volley  Is  the  realization  of  a random  variable. 

It  Is  not  possible  to  determine  In  advance  how  long  the  preparation  will  take 
to  fire.  Since  the  suppressive  effects  of  the  artillery  are  transitory.  It  Is 
Important  to  have  the  artillery  preparation  end  at  the  proper  time.  A close 
approximation  to  having  the  preparation  end  at  time  zero  (H-hour)  can  be  at- 
tained by  running  the  model  with  an  arbitrarily  selected  start  time  for  the 
preparation,  noting  the  time  that  the  preparation  ends,  and  then  adjusting  the 
start  time  (common  SCHTIM)  so  that  the  preparation  ends  at  time  zero.  The 
same  procedures  are  applicable  to  defender  counter-preparation. 

3.  An  Important  aspect  of  threat  artillery  Is  the  rolling  barrage  of  artil- 
lery preceding  the  attacking  force.  This  can  be  adequately  portrayed  by  the 
use  of  trigger  areas.  A series  of  target  areas  actuated  by  the  attacking 

. force  and  placed  along  the  routes  of  advance  will  Initiate  a series  of  artil- 

lery fires  directed  at  COP  and  then  FEBA  locations.  Two  sets  of  concentrations 
will  probably  be  required.  One  set  should  cover  suspected  COP  locations  and 
should  probably  be  fired  until  the  attackers  reach  the  vicinity  of  the  COP. 

Then  the  second  set,  which  would  contain  suspected  FEBA  locations,  should  be 
fired  for  the  rc.nalnder  of  the  battle. 


4.  The  position  and  size  of  the  trigger  areas  need  to  be  selected  with  care. 
The  size  of  the  trigger  area  should  be  adjusted  based  on  the  size  of  the  route 
selection  matrix  used.  The  trigger  areas  need  to  be  large  enough  so  that  the 
manueuver  unit  designed  to  enter  the  trigger  area  will  not  be  able  to  skirt 
the  trigger  area  when  the  optimal  route  's  selected.  The  distance  between 
trigger  areas  should  be  based  on  the  number  of  rounds  fired  for  each  trigger 
area  and  the  rate  of  advance  of  the  attackers.  Since  the  goal  Is  to  produce 

a continuous  volume  of  fire,  the  time  between  entries  Into  successive  trigger 
areas  should  correspond  to  the  time  required  to  process  and  fire  the  rounds 
required  for  each  trigger  area. 

5.  Experience  has  Indicated  that  the  walking  fire  pattern  Is  Inappropriate 
for  the  rolling  barrage  type  of  fire.  A series  of  concentrations  fired  In 
sequence  with  a normal  fire  pattern  can  produce  a heavier  volume  of  fire  over 
a larger  area. 


6.  Trigger  areas  are  useful  for  the  defending  force  too.  They  can  be  placed 
along  the  route  of  withdrawal  of  the  COP  elements  to  provide  covering  fire  for 
the  COP  withdrawal  or  to  fire  FASCAM  rounds  to  close  lanes  in  minefields  after 
the  COP  has  withdrawn. 

7.  The  rules  governing  the  use  of  trigger  areas  have  changed  slightly  from 
those  listed  In  the  documentation.  The  maximum  number  of  trigger  areas  Is 
now  30.  The  Blue  trigger  areas  still  need  to  be  listed  first,  but  there  Is  no 
arbitrary  assignment  of  the  trigger  areas  into  Blue  and  Red  trigger  areas. 

The  first  Red  trigger  area  is  listed  immediately  after  the  last  Blue  area. 

8.  The  DYTNACS(X)  model  has  some  difficulty  In  representing  fire  missions 
that  are  shifts  from  a known  (preregistered)  point.  The  only  planned  fires 
represented  by  DYNTACS(X)  are  the  schedule  of  fires  and  trigger  areas  discus- 
sed previously.  However,  as  the  defensive  force  remains  in  position  longer, 
more  Information  Is  gathered  by  the  artillery  through  survey,  meteorological 
messages,  registrations,  and  previous  fire  missions.  This  Information  allows 
the  FDC  to  speed  the  processing  of  fire  requests.  DYNTACS(X)  cannot  dynami- 
cally represent  this  process.  Therefore,  the  reaction  times  for  processing 
"target  of  opportunity"  missions  should  be  modified,  If  appropriate,  to  re- 
flect the  greater  efficiency  of  the  FDC  as  time  goes  on.  The  adjustments  con- 
sidered appropriate  will  have  to  be  subjectively  determined  by  experienced 
military  personnel  based  on  the  scenario  within  which  the  DYNTACS(X)  battle  Is 
suppose  to  take  place.  The  longer  the  defensive  area  is  to  be  occupied  prior 
to  the  Initiation  of  the  battle,  the  greater  the  adjustment  to  the  "target  of 
opportunity"  reaction  times. 

9.  By  using  all  these  capabilities  of  DYNTACS(X),  a reasonable  portrayal  of 
nearly  any  fire  plan  can  be  achieved. 


APPENDIX  M 

HELICOPTER  OPERATIONS  AREAS 

1.  Each  helicopter  Is  given  a series  of  operations  areas  that  define  the 
general  location  of  the  helicopter  at  each  stage  of  the  battle.  The  opera- 
tions areas  are  occupied  In  succession  as  each  helicopter  has  to  withdraw  to 
maintain  a prescribed  distance  from  the  advancing  threat  force.  Three  char- 
acteristics are  used  to  describe  each  operations  area:  Its  location  (CPLX, 

CPLY ) , size  (AMAJOR,  AMINOR),  and  the  maximum  altitude  (OPALT)  to  which  a 
helicopter  can  ascend  in  that  operations  area.  The  location  and  size  of  the 
operations  areas  are  chosen  In  the  same  way  that  defensive  positions  are  cho- 
sen for  ground  weapons.  A TRADOC  school  or  analyst  selects  initial  positions 
for  the  helicopters.  The  llne-of-slght  (LOS)  program  In  annex  D-I  Is  used  to 
produce  the  line  of  sight  at  each  position.  The  proposed  tactics  for  the 
helicopters  should  specify  the  maximum  altitude  above  near  mask  for  the  heli- 
copters. This  maximum  height  should  be  used  as  the  height  of  the  observing 
vehicle  in  the  input  data  for  the  LOS  program.  The  Initial  positions  are  ad- 
justed as  required,  based  on  the  results  of  the  LOS  program.  As  was  the  case 
In  positioning  ground  weapons,  the  MAPLOT  map  and  vegetation  overlay  will  be 
useful  tools  for  discarding  obviously  unsuitable  positions.  Once  an  accept- 
able set  of  positions  has  been  selected,  the  actual  height  to  be  used  In  the 
DYNTACS(X)  program  can  be  determined. 

2.  The  determination  of  near  mask  is  a combination  of  subjective  input  and  a 
computer  program,  which  uses  elevation  and  vegetation  Input.  The  analyst, 
using  the  computer  map  and  vegetation  overlay,  selects  a series  of  points, 
which  may  be  the  highest  terrain/ vegetation  location  in  the  vicinity  of  the 
operations  areas.  As  a general  rule,  the  center  of  the  operations  area  and  the 
four  points  on  the  perimeter  of  the  operations  area  at  the  cardinal  directions 
should  be  used.  Points  in  "front"  (toward  the  enemy)  of  the  operations  area 
are  selected  based  on  the  terrain  configuration  and  vegetation  location  In  the 
near  vicinity.  Care  should  be  taken  to  Include  all  possible  points  that  may 
block  llne-of-sight  from  the  operations  area.  When  these  points  have  been 
selected,  they  are  provided  as  input  to  the  program  In  annex  M-I.  The  output 
of  the  program  is  the  height  (above  sea  level)  of  the  terrain  and  vegetation. 

If  any,  at  that  point.  The  point  with  the  greatest  height  is  declared  to  be 
the  near  mask  point.  The  height  a'  that  point  Is  used  to  define  the  height 

of  the  near  mask  for  the  operations  area  in  question.  The  helicopter  tactics 
specify  the  maximum  height  above  near  m.sk  that  a helicopter  can  attain.  This 
value  Is  added  to  the  near  mask  height  tr  determine  the  Input  value  for  conwon 
OPALT  for  the  specified  helicopter  and  operations  area.  When  this  procedure 
has  been  completed  for  all  operations  areas  for  all  helicopters,  all  the  values 
required  for  OPALT  will  have  been  determined. 

3.  If  desired,  a final  LOS  map  may  be  produced  for  each  operations  area.  The 
only  change  In  the  Input  data  would  be  the  height  of  the  observing  vehicle. 

The  elevation  at  the  center  of  the  operations  area  Is  subtracted  from  the 
OPALT  value  for  that  operations  area  to  produce  the  vehicle  height  used  for 
the  LOS  program.  In  general,  this  number  will  be  slightly  larger  than  the 
original  nunfcer.  This  final  LOS  map  will  represent  the  best  line  of  sight 
available  at  the  center  of  the  operations  area. 


4.  The  proper  size  for  an  operations  area  can  only  be  determined  subjectively. 
When  making  this  determination,  one  should  consider  that.  In  general,  the  larger 
the  operations  area  the  greater  the  difference  between  the  minimum  elevation  of 
all  points  In  the  OPALT  program  and  the  maximum.  This  difference  between  the 
MAX  and  MIN  represents  the  accuracy  with  which  the  altitude  above  near  mask  Is 
controlled.  If  this  difference  gets  large,  it  Is  possible  that  the  helicopter 
will  rise  to  an  unacceptable  height  and  become  a victim  of  an  air  defense 
system. 
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ANNEX  M-I 


OPALT  PROGRAM 


1.  OPALT  is  a special  purpose  utility  program  designed  to  obtain  the 
elevation  of  selected  points  on  the  battlefield  area,  including  the 
height  of  any  trees  at  that  point. 

2.  OPALT  consists  of  the  main  program  and  two  function  subroutines 
(ELVATE)  and  TREES)  extracted  from  the  DYNTACS(X)  model.  The  terrain 
features  and  the  terrain  elevation  files  are  the  same  ones  used  in  the 
DYNTACS  production  runs.  Input  to  the  program  is  on  cards  and  consists 
of  one  point  on  the  battlefield  per  card  (F5.0,  5X,  F5.0).  The  OPALT 
program  is  visusally  depicted  in  figure  M-I-l. 

3.  The  program  is  attached  as  inclosure  M-I-a.  * 


//CACDA21  JOB  (XKXXXXKX,C»U,N  ), "GARRETT* 

//  EXEC  FORTGCLG 
//FORT. 5X51(4  DO  • 

C3NH0N/DC0N/H(60) 

DO  10  1=1, SO 
10  H( I )=0. 

HUl'3. 

H(10)=3. 

H(16)=3. 

H( 22 ) =1 D . 

H(2B)=ID. 

HC3A1=10. 

HIA0)*10. 

HI  46) *15  ■ 

HC52  ) = 5. 

H|58)*5. 

3 READIStl , END=99 ) X.V 

1 FORMAT  IF5.D,5X,F5.0) 

EIW'EIXAT E( X,X,0)» TREE SIX,  V) 

WRITE  (6,2)  X.Y.ELV 

2 FORMAT  (1X,2FB.0,F10.1I 
GO  TO  3 

99  STOP 
END 

FUNCTION  ElVATE(X,r,IK) 

INTEGERS  MAP 
COMMON  /E  LOC  Z/ELOCZ  ( 1 ) 

COMMON  /LHICE/HICEU  ) 

C OM MON /MAP  COM/E, NX.XMAX ,YHAX ,2MAX VMAP ( 1 ) 
WX=X/E 
. WX=X/E 
IX  = WX 
IX*WY 

RX=WX-FLOAT (IX) 

RX  =WX-F  LO  A T ( I V ) 

IF  (RXfRX.LE.i.O)  GO  TO  100 

RX*1.-RX 

RY*1.-RX 

IA*(IX»1)*NX*IX*2 
IB* I A — 1 
!C*1A-Nr 
CO  TO  230 
100  CONTINUE 

IA*  IX*NX*1 X*l 
I8*lA*l 
IC*IA*NX 
200  CONTINUE 
A = MAP(  IA) 

B*MAP (IB) 

C=MAP(1C) 

ELXATE*A»RX*(C-A)*RX»(B-A) 

IF(IK.EQ.O)  RETURN 
IF (LHICE(1 X ) .1 E .0  ) RETURN 
IrlCE*LHlCE(  I X) 

EL¥ATE=ELXATE*ELOCZ(IHCEI 

RETURN 

END 

FUNCTION  TREES(X.Y) 

C0MMDN/DCJN/DC0N(6,1 1 

COMHON/MINlRU/LlHlTC.LIMlTH.LlMiTP 

C0MR0N/TD/TD(7,1) 

COMMON/TDDATA/NMBC.NMBP  ,NUMFC,NUMFP 
C0MH0N/TDP/TDPI7,i) 


COHHON/TDC /TOClB,l!  t . 

comkom/idf:/itdfc(i)  ' 

CaiHOX/TDFF/irQFFm 

COHMON/FOREST/HTREE 

I MTE  GE R*2  ITDFCtlTOFP 

INT  EGER*2  TO 

HC*0.0 

JCODE-O 

IF  (NUNFP.EQ.D)  GD  TO  ?0 
DO " 10  .f*l,NUNFP 
1*1 TDFP ( J) 

IF  CX.LT.T9P(l>mG0  TO  20 
XIMTCI*X-T0P15,I 1*V 

IF  (XINTCT.LT.r0P(6,I).0R.XINTCr.CT.TDP(7,II)  (0  TO  10 
VINTCT*Y-TDP(2,l»*X 

IF  IYINTCT. LT.TDPI3.il. OR. VINTCT.GT. TDP14.I1  ) CO  TO  10 
1SUB*TD(1»I1»1 

IF(DC0N(4.ISU31.GT.HC)  HC*DC0NC4, 1SUBI 
JC0DE*1 
10  CONTINUE 
20  CONTINUE 

IF  INUNFC.EO.O)  GO  TO  40 
1*1  TDFC  (•!! 

K*  I*LINI TP 
03  30  J*1 »NUNF C 
XT*X-T0C(1.1) 

IF(XT.GT.IDC(3.1|)  GO  TO  30 
IF(XT.LT.-TDC(3.I 11  GO  TO  40 

lFCXT*»2*CY-T0Cl2,in**2.LE.T0Cl3.n**2»  GO  TO  60 
GO  TO  30 

60  I$UB*rO<l.Nl«l 

ir-lUtuM4.lSUsi.G7.hC!  KC*GC3K  *4*  ISUO  J 
JCODE-1 
30  CONTINUE 

40  IF! JCODE.EO.il  GO  TO  50 
TREES-O. 

RETURN 
50  TREES*HC 
RETURN 
END 

/• 

//LKED.lIBl  DO  DSN-NA1E.C0EA.0ECFULDA.BASE0.D1SP-SH* 
//IKED.L1B2  DO  DSN'NANE.COEA.OECENT. FEATURES ,OISP*SMR 
//LREO.SrSIN  DO  • 

ENTRY  M’N 
INCLUDE  L IB1 
INCLUDE  1132 

/• 

//GO. SYS  I N DD  • 

10996  1*52 

11096  1152 

10196  1152 

10996  1952 

10996  1752 

11020  1130 

11120  1130 

13 920  1190 

11920  1290 

11020  1090 

11110  1090 

11213  1090 

11010  1090 

11110  1190 

11110  990 

10990  115 

•%«  . ..  .. 


! 
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APPENDIX  N 

LIST  OF  DYNTACS(X)  COMMONS  BY  SUBJECT 


1.  When  Initializing  commons,  It  Is  convenient  to  know  all  the  conmons  per- 
taining to  one  functional  area  (e.g. , direct  fire,  artillery).  Without 
having  the  conmons  grouped  In  this  manner  It  would  be  difficult  to  approach 
the  Initialization  of  the  data  base  In  a systematic  way. 


2.  When  using  the  list  at  annex  N-I,  the  following  should  be  kept  In  mind: 


a.  If  a common  applies  to  more  than  one  area.  It  may  be  listed  in  more 
than  one  category. 


b.  Commons  dealing  with  artillery  and  missiles  (l.e.,  those  dimensioned 
by  MWAIR)  are  listed  In  the  Support  Weapons  category. 


c.  Commons  affecting  all  fire  request  nets  (l.e.,  dimensioned  by  NTFRNT) 
are  listed  In  the  Support  Weapons  category. 


d.  Beam  Rider  and  EO  missile  commons  are  not  presently  used.  They  are 
Included  only  for  completeness. 


e.  Only  commons  requiring  Initialization  are  Included  In  this  list.  All 
other  commons  must  be  checked  to  Insure  that  they  have  appropriate  dimensions. 


I 


t •. 

' 
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ANNEX  N-I 

ORGANIZATION  OF  DYNTACS(X)  COMMONS 


1.  Terrain  and  Environment 


CONCOM 

DCON 

DCOV 

DROUGH 

DSM3KE 

DTRAFF 


EMICR 

FOREST 

MAPCOM 

MINC 

MINP 

MINTRU 


TD 

TDC 

TDDATA 

TOFC 

TDFP 

TDP 


2.  Minefields 


BREACH 

BRMODE 

COUNTR 

DAMAGE 

DBACK 


DELAYT 

DMINES 

IMCOM 

IVALDN 


PKPLOU 

SEQC 

SEQP 

WIDTH 


3.  Organization 


AMOV 

IPORG 

IPPAR 

IPPOS 

ISORG 

I SPAR 

ISPOS 


ITORG 

ITPAR 

LIMNAT 

LMANlJ 

LPOS 

LSEC 

MAN  L DR 


MANORG 

MANTYP 

NAVSEC 

NOUTFG 


4.  Communications 


COMRAT 

MAXM 

MONLST 


NFRMAX 

NMOBA 

NMOCF 


NMOPN 

TRNET 


5.  Intelligence 

BELOW 

DETTSQ 

EDIR 


ETIM 

FFLRD 


INTEL 

NCAMO 


6.  Crew  Served  Weapons 


ICSWGP  LCSWEF  LCSWFN 

LCREW 


7.  Laser  Designator  Counter-Measures 

IFOCCM  LUMDET  SPOOFO 

LASDET  NITS  IT  TIMENB 


8.  Miscellaneous 

ATTACK  MISLE  SIDE 

GRAV  NTELE  TGTDIM 

IQUAD  NUMBER  TKLTH 

IRANDX  PI  TKWTH 

MAINPR  SEQPAR  TNEUT 


9.  Ground  Mobility 


ENGINE 

LMOBT 

MOBILE 

Route  Selection 

DIFMF 

ESMP 

RTKON 

DTIM 

ET 

SCAP 

ESM 

EW 

TMEKON 

11.  Movement  Controller 
a.  Basic 


BEHIND 

MINDEC 

NPTS 

DIRMU 

MINTBR 

RMVFR 

FSPEED 

MISION 

XAXIS 

KNTTAC 

MOVPAR 

XOP 

LDPC 

MUOBJ 

YAXIS 

MANEUV 

NAXIS 

YDP 

Combat  Outpost 


AMOV  DELTIM  OUTPST 

BREAK  FTMDEL 


12.  Formations 


■ 


i 


ELOCX 

FORMSX 

ELOCY 

FORMSY 

FORMAR 

FORMXS 

Phase  Lines 

KADV 

SPHAS 

NPHAS 

SPDPHS 

WPHAS 

Direct  Fire  Weapons 

AfflOCH 

LWCOD 

EFELC 

LWSYS 

EMAX 

MAXWEP 

EMIN 

NOFLG 

ENGMET 

PKOV 

FIRKON 

PKTNK 

RWITP 

PMISF 

HITP 

PNPTBS 

HITPRB 

RPRIOR 

HPRNG 

RPSIGX 

IHTPRB 

RPSIGY 

IPRAMO 

SIGLD 

IPRJCT 

SIGLY 

KRC 

SIGLYN 

LAMMO 

SUPRES 

LDFR 

LTHTNK 

SYSCOD 

FORMYS 

IFNA 


XPHAS 

YPHAS 


TARASP 

TARSPD 

THISF 

TWEUT 

TMPRD 

TPHKH 

TSDXM 

TSDYM 

TSDXMS 

TSDYHS 

ULD 

ULY 

ULYN 

ULYNS 

ULYS 

VEHSPD 


i 


15.  Target  Selection 

RAAS  RATF 

RACT  RATFCE 

RATE 

16.  Fire  Control  Tactics 

DKR  FIRCOM 


RAH 

SE6AN6 


FIRSPD 


N-I-3 


I 


17.  Air  Defense 

a.  Basic 

ABSCSA 

ADPOD 

ADRATE 

ADSRG 

AVA 

BLRAD 

DALLOW 

FMOKIL 

FRACFR 

IADCE 

IADPM 


MADRES 

MISCOD 

NLETH 

NVC 

OBSN 

PS 

REFFEC 

RMVFRA 

SKY 

SLEWAL 

SLEWEL 


b.  Launch  Performance  Envelope 


AELIP 

ALPHA 

BELIP 

DELIP 


DXCYL 

DYCYL 

NCONE 

NCYL 


SPDCOD 

STRICT 

STRNOT 

TEVENT 

TREACT 

TTRACK 

UREACT 

UTRACK 

VELIN 

XPOD 

YPOD 


PHI 

PSI 

RADCYL 


c.  Gun 


ASDRG 
ATMDEN 
BETA 
DEL  INC 
DT 

d.  Missile 


PRJGUN 

TFBURI 

TFIRAD 

VABGAZ 

VABGZN 


VAFRAZ 

VAFRZN 

VASRAZ 

VASRZN 


AB 

AC 

ALFAB 

ALFAC 

ALFAS 

ALMAX 

AS 

B 


CAB 

CAC 

CAS 

CDIB 

CDIC 

CDIS 

MACHPL 


e.  Target  Selection 

ADJASP 

ADJFIR 


ADJFND 

ADJTAR 


ADJWPN 

ANGELM 


- - >—r 


-y"U'  " r ' " ‘ 


f.  Radar 

AMBDAT 

ITRRDR 

RADTD 

BANDWD 

LOSF 

SIGMD 

GAINRC 

NOIFIG 

STONR 

GAINTR 

POWTR 

TMAXCV 

Support  Fire 

CLOSE 

ITNMV 

SIGADJ 

DDFR 

ITNRF 

SIGCOM 

DURFB 

ITTFIR 

SIGCOR 

DURSTL 

ITWSC 

SIGOriP 

ENDMIS 

JARMOR 

SIGPLT 

EVTIM 

KILCRI 

SIGSEN 

FRN1 

MNTHRS 

SPCRIT 

FRN2 

MNTRIG 

STRMIS 

FRN3 

NCRIT 

UADJ 

FRN4 

NFRMAX 

UCOM 

FSCTIM 

NHPB 

UCOREC 

GOEXAM 

NRNDCN 

UONP 

ITC 

REJTIM 

UPLT 

ITDIF 

RMAXFO 

URESPN 

ITDIST 

RMDES 

USEN 

ITDIT 

RMINFO 

WAITAD 

ITDUR 

RSAME 

WAITFO 

ITF 

SFDIS 

WAITMX 

ITFFO 

19.  Artillery 


Basic 

ADIMIS 

LFUNC 

SIGFFE 
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